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CHAPTER    1 

ORGANIZATION  AND  BIOGRAPHICAL 
BACKGROUND 


The  management  of  a  technical  program  as  complex  as  the  Tehachapi 
Punnp  study  requires  an  intensive  concentration  of  administrative  and  techni- 
cal talents  with  direct  experience  in  large,    complex  programs.     This  portion 
of  the  report  presents  the  basic  background  possessed  by  DMJM,    the  project 
organization  developed  for  this  program,    and  the  techniques  by  which  DMJM 
uses  the  firm's  background  in  supporting  and  managing  this  program. 

The  project  team  formulated  by  DMJM    consists  of  the  following: 

1.  Daniel,    Mann,    Johnson,    &  Mendenhall,    Los  Angeles,    California  - 
a  firm  of  architectural  and  consulting  engineers  with  experience  in  various 
public  works  and  other  highly  technical  programs  for  national,    state,    and 
local  governments  and  other  political  entities. 

2.  Motor-Columbus,    Baden,    Switzerland  -  a  firm  of  consulting 
engineers  with  experience  in  planning  and  the  design  of  hydroplants  for  water 
supply  systems,    prime  power  generation,    and  pump-storage  power  generating 
schemes. 

3.  S.  Logan  Kerr,  Philadelphia,  Pennsylvania  -  a  consulting  engineer 
with  experience  in  hydraulic  transients,  cavitation,  systems  operation,  and 
systems  analysis. 

4.  Professor  A.    H.    Church,    New  York  University  -  a  widely  recognized 
and  highly  respected  consultant  in  the  fields  of  mechanical  vibration,    centri- 
fugal pumps,    and  blowers. 

5.  Professor  L.    J.    Hooper,    Alden  Hydraulic  Laboratory,    Worchester 
Polytechnic  Institute  -  the  Director  of  a  widely  known  and  well  equipped 
hydraulics  laboratory  and  an  internationally  recognized  authority  in  the  field 
of  testing  hydraulic  machinery  and  flow  channels. 

The  individual  consultants  have  been  integrated  with  specialists  from 
the    Motor- Columbus  staff  and  with  engineers  and  scientists  from  Daniel, 
Mann,    Johnson,    &  Mendenhall  to  provide  a  well-balanced  team  of  technical 
talents  available  for  the  performance  of  this  program.     In  addition,    DMJM  is 


prepared  to  supplement  the  basic  project  staff  when  required  by  the  many 
and  varied  demands  which  arise  during  performance  of  the  program. 

In  the  following  pages,    a  discussion  of  the  various  engineers  and 
scientists  assigned  to  the  program  and  the  mode  of  operation  of  the  project 
staff  is  presented. 

A.      DANIEL,     MANN,     JOHNSON.     &c    MENDENHALL 

Daniel,    Mann,    Johnson,    &  Mendenhall  is  a  California  corporation  which 
provides  professional  services  in  the  planning,    architecture,    engineering, 
and  systems  fields  on  an  international  scale.     DMJM   ranks  among  the  largest 
firms  of  its  type,    and  consequently,    has  been  able  to  assume  the  responsi- 
bility of  successfully  performing  large,    complex  programs. 

The  managerial  concept  adopted  by  DMJM  for  this  program  is  to  provide 
an  integrated  and  well-balanced  project  staff  on  a  full-time  basis  to  perform 
the  fundamental  requirements  of  the  program.      This  project  staff  has  been 
assigned  within  the  DMJM  organization  as  a  team  to  concentrate  exclusively 
on  the  Tehachapi  Pump  program. 

The  project  team  has  been  supplemented  as  required  through  the 
utilization  of  various  specialists  in  the  engineering  fields.      These  personnel 
are  assigned  to  the  program  when  their  respective  talents  are  required.     By 
utilizing  the  project  team  approach  with  an  experienced  core  of  personnel 
participating  on  a  full-time  basis  on  the  program,    with  other  DMJM    staff 
members  available  to  add  as  support  when  their  specific  areas  are  required, 
DMJM   has  been  able  to  meet  the  varying  workloads  and  provide  varying 
types  of  manpower  with  the  specific  experience  required  for  this  program. 

The  background  of  Daniel,    Mann,    Johnson,    &  Mendenhall  in  providing 
design  and  consulting  services  in  engineering  fields  for  numerous  public 
works  programs  has  been  found  to  be  extremely  well  suited  to  the  demands 
and  requirements  of  the  Tehachapi  Pump  Research  and  Development  Program. 
In  addition  to  their  depth  and  breadth  of  experience  in  civil  engineering, 
DMJM   has  brought  to  bear  a  systems  engineering  capacity  in  the  advanced 
sciences  associated  with  project  control,    analysis  of  experimental  data, 
reliability  studies,    and  instrumentation  and  control  systems. 

The  project  staff   at   Daniel,    Mann,    Johnson,    &  Mendenhall  is  comprised 
of  the  following: 


Project  Director  -  David  R.    Miller 

Project  Engineer         -  Hans  Gartmann 

Project  Staff  -  G.    E.    Benz 

R.    D.    Bowerman 


R.  W.    Burge 

E.  C.    Cole 

R.  A.    Hall 

O.  Hartmann,    Motor -Columbus 

R.  E.    Westman 

Support  Staff  -  W.    W.   Attrill 

G.    Bachlund 
W.   A.    Dela  Barre 
W.    E.    Grigsby 
B.    E.    Ibanez 
J.    L.   Kuebelbeck 
J.    D.    Reiter 
D.    Wood§ 

The  entire  staff  of  DMJM   personnel  participating  in  the  Tehachapi 
Pump  program,    as  shown  above,    is  well  qualified  and  highly  respected  as 
engineers  and  scientists. 

Mr.    David  R.    Miller  is  responsible  for  the  administrative  coordination 
of  the  program.     In  addition,    he  acts  as   secretary  to  the  Technical  Advisory 
Board. 

Mr.   Hans  Gartmann,    DMJM   Project  Engineer,    received  a  Bachelor  of 
Science  Degree  in  Mechanical  Engineering  from  Winterthur  College  in 
Switzerland.     He  is  a  registered  Professional  Engineer  in  the  State  of  New 
Jersey  and  is  a  member  of  the  American  Society  of  Mechanical  Engineers, 
Society  of  Naval  Architects  and  Marine  Engineers,    and  the  American  Society 
of  Naval  Engineers. 

Mr.   Gartmann  is  widely  known  in  the  field  of  hydraulic  machinery  and 
is  currently  a  member  (formerly  chairman)  of  the  Committee  on  Pumping 
Machinery  of  the  ASME.     For  the  past  20  years,    he  has  been  active  on  the 
various  committees  of  the  Hydraulic  Institute  and  was  chairman  of  the 
Centrifugal  Pump  Technical  Committee  in  1954-1956. 


Prior  to  joining  DMJM,    Mr.    Gartmann  was  a  staff  consultant  and  chief 
engineer  of  the  De  Laval  Company  and  in  complete  charge  of  the  engineering 
departnment  and  responsible  for  centrifugal  pump  design  and  development. 
He  has  supervised  various  technical  studies  including  model  development  and 
testing,    interpretation  of  laboratory  research  and  development  studies,    the 
development  of  multistage  centrifugal  compressors,    a  line  of  5500  PSI  boiler 
feed  pumps,    stock  pumps,    liquor  pumps,    process  pumps,    and  natural  gas 
pipeline  compressors. 

B.      MOTOR-COLUMBUS,    LTD. 

Motor-Columbus,    Ltd.    is  an  internationally  known  firm  of  engineers  and 
consultants  in  all  aspects  of  hydro  work.     Motor-Columbus  was  originally 
formed  to  provide  services  of  a  financial  and  promotional  nature  in  connection 
with  electrical  supply.     Subsequently,    Motor- Columbus  has  developed  a 
notable  group  in  the  production,    distribution,    and  utilization  of  hydro  and 
electrical  energy.      During  the  course  of  attaining  its  position  in  this  field. 
Motor -Colunnbus  has  acquired  an  extensive  background  in  mechanical  engi- 
neering,   particularly  in  the  areas  of  pumps,  ,turbines,    valves,    and  auxiliary 
equipment.     In  addition.    Motor -Columbus  has  experience  in  electrical  motors 
and  in  the  hydraulic  channels  (or  tunnels)  leading  to  and  from  pump  and 
turbine  stations. 

Within  its  present  scope  of  activities,    Motor- Colunnbus  plans,    designs, 
and  supervises  construction  of  major  hydro  plants  throughout  Europe,    Asia, 
Africa  and  South  America.     During  the  span  of  years  Motor- Columbus  has 
participated  in  these  progranns,    the  firm  has  beconne  recognized  as  a  leader 
in  the  field. 

The  breadth  of  experience  possessed  by  Motor- Columbus  has  provided 
an  important  capability  to  the  teann  performing  research  and  development 
studies  for  the  developnnient  of  the  design  and  specifications  for  the  prototype 
Tehachapi  pump.     More  specifically,    Motor-Columbus  brings  a  first  hand 
knowledge  of  European  pumping  and  technical  practices  to  the  program. 

One  of  the  major  personnel  contributions  of  Motor-Columbus  to  this 
program  is  Mr.  Peter  Jaray.  Mr.  Jaray  is  a  member  of  the  Technical 
Advisory  Board  of  the  Tehachapi  Pump  Program. 

Mr.    Jaray  is  Vice-Director    and  Chief  Engineer  at  Motor-Columbus. 
Since  receiving  his  M.S.   degree  in  Electrical  Engineftring  from  the  Swiss 
Federal  Institute  of  Technology  at  Zurich,    Mr.    Jaray  has  become  especially 


skilled  in  the  management  and  administration  of  the  design  of  large  pumping 
schemes.     He  is  a  member  of  the  Swiss  Engineers  and  Architects  Society, 
Committee  on  Hydraulic  and  Electrical  Machines  as  well  as  being  associated 
with  the  Swiss  Electrotechnical  Society. 

Mr.    Jaray  was  associated  with  design  and  installation  of  mechanical 
equipment  for  the  Tremola,    Dobsina,    Peccia,    Zervreila,    Ferrera  and  Ova 
Spin  storage  pumping  plants.     As  special  consultant  he  was  also  responsible 
for  control  techniques  applied  to  the  KNT    and   KSR   Pumping  Plants  of  the 
Jordan  Project  in  Israel. 

Among  Mr.   Jaray' s  contributions  to  the  technical  literature  of  his 
profession  are  "The  Mechanical  Equipment  of  Ferrera  Underground  Power 
Station"  and  "Study  of  Special  Problems  of  the  Electro-Mechanical  Equipment 
of  Power  Stations". 

Mr.    Otto  Hartmann  is  a  Senior  Design  Engineer  and  Project  Engineer  for 
the  Tehachapi  Program  for  Motor-Columbus.     He  was  awarded  an  M.    S.    in 
Mechanical  Engineering  from  the  Institute  of  Technology,    Vienna,    Austria  and 
has  specialized  experience  with  the  design  of,  hydraulic  equipment,    tool 
machinery  and  precision  calibration  equipment.     During  the  past  seven  years 
his  work  has  included  particular  emphasis  on  hydraulic  turbines,    storage 
pumps  and  governors. 

Mr.    Hartmann  co-authored  a  paper  entitled  "The  Present  State  of  Pumped 
Storage  in  Europe",    which  was  presented  at  the  196Z  Winter  General  Meeting 
of  the  American  Institute  of  Electrical  Engineers.     He  is  fluent  with  both 
German  and  English  and  is  serving  in  a  technical  liaison  capacity  during  the 
model  testing  and  pumping  plant  surveys. 

C.      TECHNICAL   ADVISORY    BOARD 


In  the  performance  of  projects  similar  to  the  Tehachapi  Pump  research 
and  development  program,    DMJM   has  found  the  counsel  of  a  Technical 
Advisory  Board  to  be  invaluable.     Such  a  group  is  formed  from  senior  manage- 
ment and  technical  personnel  from  within  DMJM,    from  associate  organizations, 
or  retained  on  a  consulting  basis.     The  Technical  Advisory  Board  is  responsi- 
ble for  appraisal  of  documents,    attendance  of  inhouse  briefings,    and  providing 
project  guidance.     Technical  Advisory  Board  members  are  privileged  to 
question  all  project  personnel  and  to  evaluate  the  correctness  of  approach  and 
quality  of  performance  of  a  project.     In  many  cases,    the  Technical  Advisory 
Board  leads  the  reconcentration  of  activities  when  required  on  a  program. 


The  Technical  Advisory  Board  for  the  Tehachapi  Pump  Program  consists 
of  the  following  Personnel: 

1.  I.    F.   Mendenhall  -  President  of  Daniel,    Mann,    Johnson,    &  Mendenhall 
and  a  widely  recognized  civil  engineer  with  experience  in  planning,    consulting, 
and  design  of  many  important  engineering  and  public  works  projects. 

2.  John  T.    Clabby,    Vice  President  of  DMJM  and  Manager  of  Systems 
Engineering  Division,    with  extensive  experience  in  systems  engineering, 
systems  operations,    and  system  managenaent. 

3.  Peter  Jaray  -  Vice  President  and  Chief  Engineer  of  Motor -Columbus 
with  broad  experience  in  high  head  pumping  and  hydro  installations. 

4.  S.    Logan  Kerr  -  Consultant. 

5.  Leslie  J.   Hooper  -  Professor,    Hydraulics. 

6.  Austin  H.    Church  -  Professor,    Mechanical  Engineering 

7.  David  R.   Miller  -  Secretary  of  Technical  Advisory  Board,    and 
DMJM  Project  Director. 

The  Technical  Advisory  Board  has  convened  on  three  occasions; 
September  9,    10,    and  11,    1963,     February  17,    18,    and  19,    1964,    and  March 
29,    30,    and  31,    1965.     In  addition  to  the  Advisory  Board  members,    several 
visiting  engineers  and  administrators  have  been  present  at  all  meetings. 
For  example,    the  Tehachapi  Crossing  Consultant  Board  formed  by  the  State 
Department  of  Water  Resources  has  asked  J.   Parmakian  to  attend  the  DMJM 
Technical  Advisory  Board  meetings  as  a  liaison.     Mr.   Parmakian  is  a  former 
director  at  the  U.   S.   Bureau  of  Reclannation  where  he  specialized  in  the 
solution  of  hydraulics  problems.     Among  his  papers  is  "Pressure  Surges  at 
Large  Pump  Installations",    ASME    Transactions,    1963. 

The  TAB  meetings  held  to  date  have  been  open  meetings  and  DMJM  staff 
members  have  attended  as  required  and  when  possible  as  a  matter  of  interest. 
A  typical  session  of  the  Advisory  Board  is  comprised  of  the  following: 

1.      A  briefing  report  summarizing  recent  accomplishments  within  the 
scope  of  the  program  is  prepared  and  presented  to  each  member  of  the 
Technical  Advisory  Board  for  review,    approximately  two  weeks  in  advance 
of  Board  meeting  date. 


2.  An  agenda  is  prepared  by  the  Secretary  of  the  Technical  Advisory 
Board. 

3.  The  first  Board  meeting  is  a  closed  meeting  to  Board  members  only 
at  which  time  the  Board  is  briefed  on  the  agenda  and  the  intent  of  this  specific 
meeting. 

4.  At  a  series  of  general  opening  meetings,    DMJM   staff  members  or 
other  qualified  personnel  present  briefings  to  the  Board  to  summarize  recent 
findings,    to  more  clearly  present  to  all  Board  naembers  the  scope  of  the 
program  at  that  point,    and  to  answer  questions  raised. 

5.  With  the  assistance  of  DMJM    staff  menibers,    and  visiting  engineers 
and  administrators,    the  Technical  Advisory  Board  formulates  conclusive 
material  regarding  the  performance  of  the  program. 

Mr.   Irvan  F.   Mendenhall  is  chairman  of  the  Technical  Advisory  Board, 
and  responsible  for  conducting  all  meetings. 

Mr.    Mendenhall  is  President  of  Daniel,    Mann,    Johnson,    &  Mendenhall, 
and  has  been  a  mennber  of  various  consulting  and  technical  society  boards  and 
committees,    such  as  the  Board  of  Consultants  to  the  City  of  Los  Angeles  in 
connection  with  the  $47  million  Hyperion  Sewerage  Program,    and  as  a  consul- 
tant on  the  $80  million  Rihand  Dam  in  India.     He  has  also  directed  engineering 
surveys,    studies,    and  design  of  complex  sewerage,    power,    and  water  enter- 
prises in  Europe,    the  Far  East,    South  America,    and  Africa. 

Mr.   John  T.    Clabby  is  responsible  for  the  technical  and  administrative 
operations  of  the  Systems  Division  at  Daniel,    Mann,    Johnson,    &  Mendenhall. 
The  scope  of  his  responsibilities  encompasses  management  planning,    design 
guidance,    budgeting,    cost  estimating,    and  technical  supervision.     In  this 
capacity  he  is  currently  responsible  for  direction  of  the  design  effort  on  the 
advanced  control  system  configuration  for  the  South  Bay  Aqueduct,    a  system 
which  will  provide  the  pilot  model  for  the  Feather  River  Project.     This 
undertaking  is  of  particular  significance  to  the  Tehachapi  installation. 

D.      SPECIAL   CONSULTANTS 

To  assure  utmost  integrity  in  the  final  results  of  this  program,    DMJM 
has  retained  several  consultants  of  international  stature  for  participation  in 
the  program.     These  engineers  and  scientists  are  available  on  a  call  basis 
and  participate  in  programs  to  the  extent  demanded  by  the  specific  problems. 


The  consultants  currently  utilized  as  a  part  of  this  program  are  S.    Logan 
Kerr,    Professor  L.    J.   Hooper,    and  Professor  Austin  H.    Church. 

Mr.    S.    Logan  Kerr  is  internationally  known  for  his  contribution   to 
hydraulics  and  respected  as  an  authority  in  fields  of  water  hammer,    surges, 
and  hydraulic  transients.     He  has  prepared  numerous  technical  articles  and 
has  participated  in  preparation  of  several  handbooks  on  hydraulics.     In 
addition,    he  has  been  a  member  and  has  been  chairman  of  several  national 
committees  of  the  ASME  and  holds  patents  in  the  fields  of  surge  control  valves, 
pump  check  and  regulating  valves,    and  hydraulic  turbine  governors. 

Mr.   Kerr's  early  contributions  in  the  field  of  hydraulics  were  in  labora- 
tory research,    field  tests,    trouble  shooting,    and  turbine  design.     He 
participated  in  the  selection  of  parts  and  the  design  of  hydraulic  turbines  for 
a  major  power  development  program.     He  directed  several  investigative 
programs  in  water  hannnner  and  in  cavitation. 

Mr.   Kerr's  most  recent  experience  has  been  in  the  field  of  consulting. 
In  the  course  of  this  work,    he  has  participated  in  corrosion  studies,    cavita- 
tion investigations,    selection  of  hydropower  electric  station  equipment  and 
has  participated  in  several  major  pumping  programs.     For  example,    he  has 
assisted  in  the  design  and  innplementation  on  a  consulting  basis  of  the  (1) 
Owens  River  Hydroelectric  plants  for  the  Department  of  Water  and  Power, 
City  of  Los  Angeles,    California.     (2)  Diesel  engine  driven  standby  pumping 
units  for  the  Bureau  of  Sewers,    Baltimore,    Maryland.     (3)  Pumping  Stations, 
pipelines  and  pump  storage  projects  for  the  Department  of  Water  Resources, 
State  of  New  Jersey  Legislative  Committee.     (4)  Hydraulic  problems,  pumping 
stations,    control  valve  design,    and  100  miles  of  steel  lines  for  the  Trans- 
Arabian  Pipeline.     (5)  A  75  mgd  capacity,    40  mile  pipeline  and  two  pumping 
plants  for  the  City  of  Birmingham,    Alabama.     (6)  Hydraulic  and  surge  studies 
for  150  miles  of  pipeline  with  pumping  stations  for  the  Mekaroth  Water 
Company,    Tel  Aviv,    Israel.     (7)  Hydraulic  Surge  operating  studies  for  the 
City  of  Philadelphia  Water  Department.     (8)  Investigation  of  Operations  and 
Repairs  for  the  Aduccion  Tuy-Mariposa  Pipeline  and  Pumping  Stations,    Caracas, 
Venezuela.     (9)  Surge  analysis  for  Penstocks,    Coteau  Creek  Project, 
Saskatchewan  Power  Corporation.     (10)  Hydraulic  and  surge  studies  for  pumping 
stations  with  55  miles  of  pipeline,    Flint,    Michigan.    (11)  Hydraulic  and  surge 
studies  on  400  mgd  plant,    State  of  New  Jersey.    (12)  Surge  studies  and  hydraulic 
analysis  White  River  Municipal  Water  District,    Fort  Worth,    Texas. 

Another  consultant  employed  by  Daniel,  Mann,  Johnson,  &  Mendenhall  to 
assist  in  the  preparation  of  design  specifications  for  the  pump  for  installation 
by  the  California  Department  of  Water  Resources  at  the  Tehachapi  Crossing 


is  particularly  noted  for  his  contributions  in  the  field  of  vibrations  and  centri- 
fugal pumps.      This  consultant,    Austin  H.    Church,    is  currently  visiting 
professor  of  mechanical  engineering  at  Duke  University,    on  leave  of  absence 
from  New  York  University.     Professor  Church's  background  has  been  gained 
through  his  long  associations  with  Westinghouse,    De  Laval,    General  Electric, 
and  various  educational  institutions.     With  De  Laval  Steam  Turbine  Company, 
Professor  Church  participated  in  the  solution  of  special  problems  in  centrifugal 
compressors,    pumps,    governers,    vibrations,    turbines  and  gears.     He  assisted 
Mr.    H.    Gartmann  in  the  editing  of  the  De  Laval  Engineering  Handbook  in  1947 
and  in  1954.     With  the  General  Engineering  Laboratory  of  General  Electric 
Company,    Professor  Church  assisted  in  the  solution  of  special  problems  on 
vibrations  and  in  stress  analyses.     In  addition.    Professor  Church  has  held 
many  consulting  assignments  in  centrifugal  pumps  and  compressors  and 
particularly  in  the  problems  of  vibration  on  rotating  machinery  with  organi- 
zations such  as  IBM,    M.    W.   Kellogg,    Chandler-Evans  Corporation,    Elliott 
Connpany,    and  Fluid  and  Electro  Devices  Incorporated. 

Professor  Church  has  held  positions  with  Cooper  Union  College,    New 
York  University  and  Duke  University.     While  at  New  York  University, 
Professor  Church  authored  the  following  texts: 

1.       Centrifugal  Pumps  and  Blowers,      1944. 

Z.       Kinematics  of  Machines,    1948. 

3.       Mechanical  Vibrations,    1957  and  1953. 

In  addition  to  these  texts  he  has  prepared  several  papers  and  articles  for 
publication  in  the  journals  of  nationally  recognized  engineering  associations. 

Another  member  of  the  Technical  Advisory  Board  is  Professor  Leslie  J. 
Hooper  who  is  director  of  the  Alden  Hydraulic  Laboratory  at  Worchester 
Polytechnic  Institute.     Mr.   Hooper  was  appointed  professor  of  hydraulics 
engineering  in  1945  after  serving  as  an  instructor  for  a  period  of  15  years. 
He  became  head  of  the  Alden  Hydraulic  Laboratory  at  Worchester  Polytechnic 
Institute  in  1950  and  has  been  responsible  for  the  continued  growth  of  the 
laboratory  and  the  expansion  of  the  test  programs  over  the  subsequent  years. 

Professor  Hooper  is  particularly  noted  for  his  work  in  the  salt  velocity 
method  of  measuring  the  flow  of  water  and  in  the  sponsoring  of  basic  research 
programs  by  various  graduate  level  students. 


The  Alden  Hydraulic  Laboratory  is  recognized  as  one  of  the  leading 
laboratories  for  the  studies  of  hydraulics  and  fluid  flow.     Projects  undertaken 
in  these  laboratories  have  pioneered  in  the  design  of  water  wheels,    turbines, 
dams,    spillways,    river  flow  characteristics,    and  other  projects.     Although 
a  primary  purpose  of  any  laboratory  is  to  provide  calibration  facilities  for 
industrial  products,    the  Alden  Laboratory  has,    in  addition,   participated  in 
research  on  bombs  and  missiles  as  they  enter  a  water  atmosphere,    calibra- 
tion studies  utilizing  magnetic  flow  meters,    and  smoke  dissapitation  studies. 

Professor  Clifford  Proctor  Kittridge  has  been  utilized  by  DMJM   as  a 
consultant  in  the  analysis  of  pump  efficiencies  and  step-up  techniques.     The 
results  of  these  studies  have  been  formalized  and  have  been  presented  in 
progress  report  form  to  the  California  Department  of  Water  Resources. 

Professor  Kittridge  is  currently  a  staff  member  of  the  School  of 
Engineering  and  Applied  Sciences  at  Princeton  University.     In  this  capacity 
he  has  instructed  in  statics,    dynamics,    mechanics  of  materials,   thermo- 
dynamics,   and  fluid  mechanics  to  undergraduate  students  and  in  fluid  mechanics 
to  graduate  students.     In  addition  to  his  duties  as  an  instructor  in  engineering. 
Professor  Kittridge  has  provided  consulting  services  to  De  Laval  Steam  Turbine 
Company,    Colvulc  Rubber  Connpany,    U.    S.   Army  Engineers,    Kody  Blower 
Corporation,    All-Annerican  Engineering  Company,    Ingersol-Rand  Company, 
Integral  Pump  Corporation,    and  Arthur  D.   Little,    Incorporated.     In  various 
capacities  with  these  organizations,    he  has  participated  in  water  hammer 
studies,   the  design  of  high  specific  speed  purnps,    heat  transfer,    metering  of 
chilled  deionized  water,    the  use  of  rubber  coatings  to  protect  metals  from 
cavitation,    water  supplies  for  air  bases,    high  friction  and  noise  reduction 
studies,    tests  on  axial  fans,    tests  on  pumps,   and  the  preliminary  design  of 
a  high  pressure  submarine  test  facility. 

It  is  the  intent  of  DMJM  to  continue  to  use  the  services  of  these 
specialists  and  to  add  other  consultants  when  required. 
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E.      MODEL   TEST    FIRMS 

Daniel,    Mann,    Johnson,    &  Mendenhall  surveyed  the  entire  punnping 
machinery  field  and  reviewed  proposals  from  the  following  outstanding 
organizations: 


AUis -Chalmers 

Baldwin-  Lima-Hamilton 

Byron  Jackson 

Hydraulic  Institute 

Newport  News 

Foster  Wheeler 

Dominion  Engineering 

National  Engineering  Laboratory 

Bergeron 

Riva 

Sulzer  Bros. 

J.    M.    Voith 

Escher- Wyss 

Hitachi 


USA 

USA 

USA 

Switzerland 

USA 

USA 

Canada 

Scotland 

France 

Italy 

Switzerland 

Germany 

Switzerland 

Japan 


Based  on  a  careful  analysis  of  the  capabilities,    specific  proposals  were 
solicited  from: 

Allis-Chalmers/Sulzer  Bros. 
Baldwin-Lima-Hamilton/J.    M.    Voith 
Newport  News/Escher  Wyss 
Byron  Jackson 

These  proposals  were  exhaustively  evaluated  for  their  specific  capabilities 
in  testing,    past  experience,    manufacturing,    management,    personnel,    and 
project  approach.     This  evaluation  led  to  the  selection  of  specific  firms  for 
performance  of  programs  to  provide  data  on  pumps  suitable  for  use  in  one 
lift,    two  lift,    and  three  lift  pumping  systems. 

Daniel,    Mann,    Johnson,    &  Mendenhall  then  contracted  for  the  services 
of  three  of  these  organizations  to  design,    fabricate,    and  experimentally 
evaluate  models  of  pumps  associated  with  the  three  lift  concepts  under  con- 
sideration for  the  Tehachapi  Crossing.     They  are  as  follows: 
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Single  Lift  Concept  -  AUis-Chalmers  of  Milwaukee,  Wisconsin  and 
Sulzer  Bros,  of  Winterthur,  Switzerland  to  investigate  a  four-stage,  single- 
flow  vertical  pump  model. 

Two  Lift  Concept  -  Baldwin-Lima-Hamilton  of  Philadelphia, 
Pennsylvania  and  J.    M.    Voith  of  Heidenheim,    Germany  to  investigate  a  two- 
stage,    double-flow  vertical  pump  model. 

Three  Lift  Concept  -  Byron  Jackson  of  Los  Angeles,  California,  a 
division  of  Borg  Warner,  to  investigate  a  single-stage,  single-flow  vertical 
pump  model. 

Each  of  these  organizations  were  selected  expressly  for  their  specific 
capabilities  in  the  types  of  pumps  assigned  for  investigation.     Each  organiza- 
tion is  considered  to  be  most  outstanding  in  the  field  of  pumping  machinery 
for  which  they  have  been  retained. 

The  following  portion  of  the  report  presents  general  data  on  each  of  these 
industrial  organizations  participating  in  this  pump  research  program,    and 
comments  on  the  specific  contributions  each  firm  may  nniake  to  the  ultimate 
innplementation  of  the  Tehachapi  Pumping  Station  are  presented. 

1.       AUis-Chalmers/Sulzer  Bros. 

AUis  Chalmers  and  Sulzer  Bros,   have  jointly  participated  in  several 
programs  in  the  past  and  are  expected  to  participate  in  the  Tehachapi   Pumping 
Plant  program  as  follows: 

a.  Allis-Chalmers   -  leader  of  the  research  team  and  noted 
American  manufacturer  of  large  rotating  hydro  and  electric  machinery. 

b.  Sulzer  Bros.    -  a  manufacturer  of  large  pumping  machinery 
with  excellent  facilities  for  experimental  work  and  a  broad  background  in  the 
design  of  hydraulic  machines. 

In  this  progrann,    Sulzer  Bros,   will  design  the  prototype  pumps,    and 
design,    fabricate  and  test  a  scale  model  of  this  prototype. 

Allis-Chalmers  is  an  extremely  large  organization  with  broad  capabilities 
in  all  forms  of  equipment  dealing  with  moving  fluids  and  hydroelectric  stations. 
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Allis-Chalmers  has  26  plants  in  the  United  States    and  abroad.     Allis-Chalnners 
has  over  4,  000  machine  tools  at  their  West  Allis  works  ranging  to  a  40-foot 
diameter  boring  mill.     Other  large  fabrication  equipments  are  available  in 
other  Allis-Chalmers  plants.     Allis-Chalmers  employs  several  hydrody- 
namicists  who  are  noted  and  recognized  as  leaders  in  their  fields. 

For  over  80  years  Allis-Chalmers  has  played  an  important  role  in  the 
design  and  building  of  all  types  of  hydraulic  machines.     Included  in  these 
programs  are  turbines,    pumps,    motors,    generators,    valves,    and  all  associ- 
ated and  support  equipment.     Notable  installations  include  Hoover  Dam, 
Shasta,    Nixon  Rapids,    Shipshaw,    Chief  Joseph,    Fontana,    Osage,    Belmont, 
Saint  Lawrence,    Nimbus,    Flat  Iron,    Hiwassee,    Lewiston,    Connstock,    and 
Smith  Mountain.     The  ability  of  Allis-Chalmers  to  design,    fabricate  and 
erect  large  hydraulic  machinery  is  unique  in  the  industry. 

Sulzer  Bros,    of  Winterthur,    Switzerland  was  formed  as  a  family  enter- 
prise in  1934  and  became  a  limited  liability  company  in  1914.     Sulzer  employs 
over   11,  000  personnel  in  Switzerland  and  have  affiliated  companies  through- 
out the  world.     Sulzer  products  include  all  heavy  mechanical  engineering 
!   equipnnent,    such  as  diesel  engines,    locomotive  engines,    steann  power  plants, 
I   steam  generators,    heating  and  air  conditioning  plants,    gas  turbines,    steam 

turbines,    turbo  compressors,    piston  compressors,    high  pressure  pipelines, 
i  and  textile  machinery.     Sulzer  is  particularly  noted  for  their  capabilities  in 
i  the  field  of  designing,    fabricating,    and  installing  large  pumps  and  turbines 
utilized  in  the  hydraulic  field. 

Sulzer  possesses  one  of  the  finest  privately  owned  pump  test  facilities 
in  the  world.      This  facility  was  built  to  perform  all  types  of  model  and  full- 
scale  tests  and  is  equipped  with  modern  electric  drives,    dynanaometers,    and 
r  measurement  devices. 

The  addition  of  Allis-Chalmers/Sulzer  Bros,   to  the  team  of  engineers 
and  scientists  who  are  contributing  to  the  selection  of  the  pumps  for  the 
Tehachapi  Crossing  will  add  a  depth  of  capabilities  which  is  considered 
absolutely  necessary  for  the  successful  completion  of  this  program. 

2.       Baldwin-Lima-Hamilton/J.    M.    Voith  GmbH 


The  firms  of  Baldwin- Linna-Hannilton  and  J.    M.    Voith  were  selected 
to  do  the  design  and  experimental  program  with  the  double  flow,    two- stage 
pump.      Baldwin- Lima-Hamilton  of  Philadelphia,    Pennsylvania  has  brought  to 
this  program  a  depth  of  capabilities  in  hydraulic  design  and  fabrication  and. 
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in  addition,    possesses  the  resources  required  for  casting,    machining  and 
fabricating  the  machines  required  for  the  Tehachapi  Crossing. 

Baldwin-Lima-Hamilton  has  been  engaged  in  manufacturing  hydraulic 
equipment  for  over  100  years.      The  first  turbine  manufactured  by  Baldwin- 
Lima-Hamilton  was  installed  in  1851  in  the  City  ot  Philadelphia.     Since  that 
time,    the  firm  has  installed  hydraulic  units  at  Roos  Dam  in  Seattle,    Garrison 
Dam,    Big  Project,    Niagara  Power  Project,    Poe  Power  House,    Bridge  River, 
Hass,    Old  Hickory,   the  Dales  Dam  and  many  other  locations. 

Baldwin-Lima-Hamilton  has  grown  to  a  company  with  several  do- 
mestic and  foreign  divisions  and  subsidiaries.      Their  major  products  are 
hydraulic  machinery,    including  pumps  and  turbines,    ship  propellers,    water 
works,    sewerage    and   power  plant  pumps   and     various  equipnnent  used  in 
support  of  hydraulic  installations.     In  addition,    Baldwin- Lima-Hamilton  pro- 
duces electronic  products,    construction  equipment,    automotive  components, 
fans,    dust  collectors,    supervisory  controls  and  marine  equipment  for  a 
variety  of  users. 

J.    M.    Voith  of  Heidenheim,    Germany,    is  internationally  noted  for 
their  capabilities  in  the  design  of  hydraulic  machinery,     J.    M.    Voith  was 
formed  over  100  years  ago  in  Germany  to  manufacture  hydraulic  machinery. 
A  founder  of  the  Voith  organization  is  a  noted  hydrodynamicist  and  has  been 
recognized  as  a  major  contributor  to  the  development  of  early  hydraulic 
machinery.      The  experience  of  Voith  includes  the  construction  of  all  types  of 
turbine  equipment,   pumps,    oil  pressure  speed  governors,    relief  valves, 
automatic  control  equipment,    synchronizing  torque  converters,    hydraulic 
couplings,    electrical  distribution  systems,    gates,    trash  racks,    and  rack 
cleaning  machines.     In  addition,    J.    M.    Voith  has  participated  in  the  manu- 
facture of  ship  propulsion  systems,    railroad  propulsion  and  air  conditioning 
equipment,    various  types  of  heating  and  cooling  radiators,    centrifugal  fans, 
axial  fans,    aerodynamic  shapes  for  railroad  cars,    and  electronic  counters 
and  meters. 

Throughout  the  history  of  the  organization,    specific  attention  has 
been  paid  to  the  development  of  laboratories  and  laboratory  equipment.     At 
this  time,   J.    M.    Voith  possesses  a  hydraulic  facility  with  a  150-foot  head  and 
water  flow  rates  sufficiently  large  to  test  models  of  high  horsepower.     In 
addition,    Voith  has  propeller  test  facilities,    cavitation  test  loops,    calibration 
equipment,    and  equipment  for  testing  several  types  of  turbines. 
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By  selecting  a  combination  of  Baldwin- Lima- Hamilton  and  J.    M.    Voith 
o  participate  in  this  program,    this  project  will  benefit  from  the  extensive 
ixperience  in  the  design,    fabrication,    and  installation  of  pumping  machinery 
.nd  be  assured  of  a  complete  capacity  and  capability  to  produce  and  install 
arge  machinery. 

3.       Byron  Jackson 

The  Byron  Jackson  Company,    a  Division  of  Borg-Warner  was  selected 
or  the  performance  of  the  design  and  research  program  related  to  single- 
tage  pumping  systems  utilized  in  the  three  lift  concept.     Byron  Jackson  was 
ornned  in  1872  and  has  subsequently  been  recognized  as  a  leader  in  the  design, 
abrication  and  installation  of  hydraulic  machinery.     Byron  Jackson  was 
ornned  primarily  to  manufacture  pumps  for  use  in  the  mining  and  irrigation 
idustries.     Subsequently,    Byron  Jackson  has  entered  the  petroleum,    electro- 
ics,    and  civil  engineering  fields  for  many  programs.     Byron  Jackson  has 
esigned  pumps  for  boiler  feed  systems,    nuclear  and  radioactive  fluid  handling 
ystems,    pipeline  pumps,    deep  well  pumps,    and  nraany  systems  related  to  the 
lovennent  of  large  quantities    of  water. 

The  Byron  Jackson  Company  will  provide  the  model  testing  required 
)  demonstrate  the  feasibility  of  utilizing  a  three  lift  pumping  concept 
mploying  large  single  stage  pumps  for  the  Tehachapi  Crossing. 
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CHAPTER  2 
MANAGEMENT  CONTROL  PROGRAM  -  PERT 


A.   SUMMARY 

The  principal  objective  of  DMJM   in  the  design  and  implennentation  of 
PERT   was  to  provide  a  control  system  capable  of  making  a  significant 
contribution  to  the  nnanagement  of  the  CALPUMP   program.     It  was  found 
that  PERT    would  be  a  significant  aid  in  performing  the  following  management 
functions  for  the  Tehachapi  Pump  Program: 

planning 

scheduling 

progress  reporting 


In  addition,    elements  and  results  of  the  DMJM    PERT    system  may  be 
used  by  the  Department  of  Water  Resources  to  assure  compliance  of  the 
punnp   program  with  the  entire  California  Water  distribution  system. 

DMJM    established  the  PERT  program  and  incorporated  the  require- 
ments in  the  model  pump  test  firm  contracts.     Subsequently,    periodic 
reports  connpatible  with  DMJM    requirements  have  been  reviewed  from  each 
firm. 

In  this  chapter  the  PERT    control  techniques  being  used  by  DMJM   in  the 
management  of  the  Tehachapi  Pumping  Plant,    Research  and  Development 
Program  are  discussed.     Following  the  introductory  discussion,    detailed 
status  reports  of  the  overall  program  and  of  the  three  nnodel  test  firm 
progranns  are  presented  for  the  latest   PERT    reporting  period. 

B.      INTRODUCTION 


1.       General 


PERT   was  developed  in  1957  by  a  joint  research  team  connprised 
of  elements  from  the  U.   S.    Navy  Special  Projects  Office  for  use  on  the 
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Polaris  Weapon  System  Program.     PERT   was  not  designed  to  replace,    but 
to  supplement  managenaent  tools  such  as  bar  charts,    milestone  charts,    and 
line  of  balance  techniques.     PERT   is  based  on  the  principles  of  operations 
research  and  utilizes    detailed  preplanning  for  each  project.     PERT  provides 
for  a  management-by- exception  system  by  placing  emphasis  upon  the 
"pacing"  or  "critical"  items  of  a  project.     Operations  re  search  analyses  of 
previous  complex  programs    have  revealed  that  only  10  to  20  per  cent  of  the 
activities  in  a  project  control  the  time  required  to  complete  the  project. 
The  principal  analytical  tool  of  PERT  is  the  "critical  path"  which  points  out 
these  pacing  activities.     Delay  or  acceleration  of  performance  of  these 
activities  will  directly  affect  the  completion  date  of  the  project. 

2.       Value  of  PERT    in  a  Project  of  this  Nature 

Basically,    all  projects  must  start  with  a  planning  phase.     Planning 
is  most  effectively  performed  and  achieves  the  greatest  benefit  if  performed 
by  management  with  subsequent  detail  plans  expanded  by  technical  groups 
within  this  structure.     PERT   facilitates  this  type  of  planning  in  a  project 
since  all  activities  are  logically  arranged.     Management  miay,    through  the 
use  of  a  summary  PERT    network,    define  the  intermediate  and  final  objec- 
tives of  a  program  and  then  outline  the  major  element  functions  and  activities 
which  will  constitute  the  program  and  assure  inclusion  of  all  requirements. 
The  network  technique  assures  that  vital  interdependencies  between  critical 
elennents  of  the  program  are  clearly  defined.     Individuals  from  sponsoring, 
engineering,    and  contracting  organizations  can  readily  and  clearly  identify 
and  communicate  the  specific  relationships  of  their  efforts  to  the  total 
project  by  means  of  a  valid  and  well  described  network.     PERT    explicitly 
reveals  interdependency  and  potential  schedule  problems  which  would  remain 
undefined  by  former  planning  methods.     It  would  be  extremely  difficult  to 
evaluate  the  impact  upon  other  program  activities  and/or  the  project 
completion  date  of  a  change  in  duration  or  slippage  of  an  activity  in  a  project 
which  used  only  bar  charts  for  program  control.      Thus,    if  interfaces  are 
properly  depicted  between  the  contractor  and  DMJM's  study  network,    the 
individual  plans  and  their  associated  schedules  will  be  joined  into   one  overall 
cohesive  plan  of  action  for  the  entire  program. 

After  the  plan  has  been  developed  PERT   provides  additional  aid  to 
the  planning  team  by  allowing  an  evaluation  of  the  resulting  schedule  to  be 
made  and  by  highlighting  those  areas  which  must  be  altered  to  improve  the 
schedule  within  specified  objectives.     The  results  of  efforts  to  inriprove  the 
schedule  will  be  immediately   apparent  and  the  effect  upon  related  activities 
in  the  program  can  be  immediately  discerned.     Alternate  plans  and/or 
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management  policies  may  be  simulated  to  rapidly  determine  their  probable 
success  and  effects.      Thus,    assurance  is  gained  in  that  the  optimum  plan 
for  the  circumstances  of  resource  availability  and  schedule  constraints  will 
be  placed  in  effect.     PERT  is  a  powerful  management  aid  in  that  it  is  a 
multipurpose  tool.      Thus,    PERT  also  serves  as  a  reporting  vehicle  of  the 
status  of  work. 

Periodic  status  reports  enable  a  customer  to  determine: 

the  status  of  important  events  and  thus  the    progress 
of  the  project, 

an  accurate  projection  of  future  status,    i.e.,    the  expected 
completion  dates  of  intermediate  and  final  objectives  in  comparison  with 
current  plans  and  schedules, 

critical  and  nancritical  activities  ranked  in  order  of 
their  effect  on  the  schedule, 

the  problem  areas  requiring  management  intervention   and, 

the  probable  effects  of  plans  conceived  to  recover  lost  tinne. 

The  major  elements  of  the  PERT    system  are: 

the  operating  and  technical  units,  that  is,  the  naodel  test 
firms  and  the  DMJM  research  staff  which  provide  the  raw  data  to  the 
system, 

the  reporting  system  which   is  a  standardized  vehicle  for 
communications  of  data, 

the  PERT    staff  which  analyzes  the  PERT   data  and  provides 
the  output  information,    and 

DMJM   management  whose  judgement  and  experience  results 
in  control  decisions  which  may  be  communicated  through  the  PERT    channel 
as  guidance  or  direction  to  the  operating  units. 

The  wealth  of  detail  produced  by  PERT    allows  management  to 
evaluate  the  progress  of  work  with  a  greater  degree  of  precision  than 
formerly  possible.     However,    management's  desire  to  manage  by  exception 
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as  a  means  of  making  the  nnost  of  limited  time  is  not  served  by  a  mass  of 
detail.      Thus,    analyses  are  made  to  discern  the  current  trend  or  outlook  and 
to  highlight  problem  areas  requiring  management  attention.     The  typical 
product  of  a  PERT   analysis  is  a  discussion  of  current  trends  and  of  problem 
areas  where  improvement  in  performance  or  a  revised  plan  are  required. 
This  discussion  is  normally  supported  by  the  current  status  of  the  nunnber  of 
days  ahead  or  behind  schedule  with  respect  to  target  objectives.     These  data 
indicate  past  performance  and  establish  the  trend  in  future  performance. 
Other  data  indicate  the  target  schedule  for  intermediate  milestones  relative 
to  the  currently  projected  dates.      These  data  also  show  the  actual  completion 
dates  of  events  which  have  occurred  in  the  past  which  in  conjunction  with  the 
projected  schedule  serve  to  confirm  the  trends.      Thus,    management    is  not 
only  advised  of  the  current  status  of  work  in  progress  but  is  also  given 
precise  planning  dates  for  future  milestones  and  an  indication  of  the  effects 
of  expected  dates  assigned  to  these  milestones.     Further,    the  detailed 
schedule  contained  in  the  computer  output  is  forwarded  along  with  the 
analysis  to  the  model  test  firm  or  research  team  for  guidance  in  planning 
their  work.     Managennent  direction  to  alter  the  pace  of  progress  or  to  revise 
program  plans  are  nonroutine  communications  and  are  transmitted  by  other 
channels. 

C.      STATUS    REPORTS 

Nine  sub-networks  were  developed  which,    taken  together,    describe  the 
scope  of  the  total  effort  required  in  this  program.     Each  of  the  model  test 
firms  has  a  sub-network  describing  its  activities;  the  remaining  six  networks 
describe  the  following  special  studies  being  performed  by  DMJM  in  house: 
(1)  the  pump  research  study  network,    (2)  the  motor  study  network,    (3)  the 
valve  study  network,    (4)  the  hydraulic  transients  study  network,    (5)  the 
reliability  study  network,    and  (6)  the  wear  test  program  network. 

The  total  network  developed  at  the  beginning  of  the  project  contained 
over  1200  activities.     Since  that  time,    many  activities  have  been  completed 
and  the  network  activity  count  has  diminished  to  825.      The  description  of 
the  model  test  firm  programs  require  420  separate  activities. 

The  model  test  firms,    through  the  medium  of  a  standardized  reporting 
system,    report  the  status  of  the  activities  within  the  program  once  every 
half  month.     Standard  forms  have  been  developed  and  are  made  available  to 
the  operating  units  for  ease  of  reporting.      The  information  to  be  reported 
falls  into  the  following  categories: 
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Activities  which  have  been  completed  during  the  preceding 
report  period. 

Activities  which  are  in  progress. 

Activities  which  are  expected  to  start  during  the  forthcoming 
report  period. 

Deletions,    additions,    or  revisions  to  the  network. 

1.       Integrated  Programs 

For  overall  project  control,    DMJM   has  developed  an  integrated 
network  of  all  scheduled  activities.      This  network  is  updated  periodically 
and  is  used  to  relate  the  nine  sub-networks.      The  integrated  network  as  of 
December  31,    1964,    includes  the  following  subprograms. 

1.  AC/Sulzer  Model  Pump  Program 

2.  BLH/Voith  Model  Pump  Program 

3.  Byron  Jackson  Model  Pump  Program 

4.  Pump  Research  Study 

5.  Motor  Study 

6.  Valve  Study 

7.  Hydraulic  Transients  Study 

8.  Reliability  Study 

9.  Wear  Test  Program 

The  Integrated  PERT    Diagram    is  presented  in  Figure  2-1.      The 
data  noted  in  this  diagram  were  analyzed  by  computer  techniques  and  a  sum- 
mary of  the  major  results  are  presented  in  Table  2-1.      These  results  reflect 
program  status  as  of  December  31,    1964. 

Table  2-  I  shows  the  current  status  of  major  events  with  respect  to 
target  schedule  dates.     Schedule  dates  for  "receipt  of  revised  model  test 
firm  proposals"  and  "notices  to  proceed  issued"  were  taken  fronn  the  April 
29,    1964  DMJM   Program  Approach  letter.      Target  schedule  dates  for  nnodel 
test  firm  events  were  determined  from  each    firm's  planned  sequence  of 
activities  and  from  activity  time  durations  given  in  the  DMJM/Allis  Chalnners, 
DMJM/Baldwin  Lima  Hamilton,    and  DMJM/Byron  Jackson  contracts. 

The  scheduled  date  for  completion  of  the  DMJM  Preliminary 
Report  has  been  changed  to  February  24,    1965.      This  slippage  coincides 
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The  Tehachapi  Pumping  Plant  PERT  diagrams  (Figure  2-1) 
are  available  in  the  library  of  the  Resources  Agency, 
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with  the  last  model  test  firm  notice  to  proceed  being  issued  on  June  29,    1964 
instead  of  May  20,    1964. 

The  scheduled  date  of  May  30,    1966  for  "all  work  completed"  has 
not  changed  and  is  in  accordance  with  the  DWR/DMJM    contract. 

The  Integrated  PERT    Program  has  been  continually  monitored  by 
DMJM   managerial  and  technical  personnel  and  all  changes  in  scheduled 
events  have  been  noted  and  reported  as  required. 

2.       Model  Test  Firm  Status  Reports 

Individual  model  test  firm  schedules  are  updated  semimonthly, 
based  on  data  received  from  each  firm.      The  results  of  these  updating 
procedures  are  integrated  into  the  overall  PERT  diagram. 

Each  PERT    Status  report  contains  the  following: 

(a)  An  analysis  of  current  status 

(b)  Updating  of  PERT    networks 

(c)  A  table  of  important  events  status  showing  completed 
activities  and  changes  in  forthcoming  activities. 

(d)  A  curve  showing  the  deviation  of  expected  receipt  of  final 
report  draft  as  a  function  of  program  elapsed  time 

(e)  Computer  schedule  listing 

(f)  PERT   diagram 

Copies  of  current  PERT   Status  Reports  for  the  three  model  test 
firms  are  included  as  follows: 

(a)  Byron  Jackson  Model  Punnp  Progrann  status  as  of 
February  15,    1965 

(b)  Baldwin  Lima  Hamilton/Voith  Model  Pump  Program 
status  as  of  February  15,    1965. 
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(c)     AUis  Chalmers/Sulzer  Model  Pump  Program  status  as  of 
February    15,    1965. 

These  status  reports  provide  a  summary  of  program  progress  at 
the  time  of  issue  of  this  report. 
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This  report  presents  the  current  Byron  Jackson  Model  Pump  Progrann  schedule 
derived  from  their  PERT  report  for  the  period  ending  February  15,    1965. 

The  critical  path  has   shifted  from  preliminary  performance  tests  to  component 
manufacture  (319-311),    test  Loop  assembly  (311-893),    and  calibration  (894-895). 

Test  data  from  the  preliminary  tests  is  anticipated  to  be  available  as  follows: 


Pump  Model 

Tests 

Tests 

Test  Data 

Number 

Start 

Complete 

Processed 

I 

In  Progress 

2-19-65 

2-23-65 

2 

2-24-65 

3-    1-65 

3-    3-65 

3 

3-    4-65 

3-    9-65 

3-11-65 

4 

3-12-65 

3-17-65 

3-19-65 
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Figure   1.     Status  of  Expected 
Delivery  Date  of  Byron  Jackson 
Final  Report  Draft 
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As  of:    February  15,    1965 

Distributed:    March  2,    1965 


PERT  STATUS 
BALDWIN-LIMA-HAMILTON/ VOITH  MODEL  PUMP  PROGRAM 


Distribution 

Department  of  Water  Resources 

Baldwin- Lima -Hamilton 

J.    M,    Voith 


Approved: 


Hans  Gartmann 
Project  Engineer 


This  report  presents  the  current  BLH/ Voith  Model  Pump  Program  schedule 
derived  from  their  PERT  report  for  the  period  ending  February  15,    1965. 

Table  I  shows  the  current  status  of  important  events.     Figure  1  indicates 
that  the  overall  program  schedule  has  improved  by  six  (6)  days  during  the 
period  1-15  February  1965.     This  improvement  is  the  result  of  revised 
time    estimates   for     activities  215-217  and  217-219  (Model  Pump,    2-stage 
Double  Flow  installation  and  preliminary  H-Q-Eff  tests  respectively). 
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Figure   1.     Status  of  Expected 
Delivery  Date  of  BLH/Voith 
Final  Report  Draft 
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■BM     DANIFI..    MANN.    JOHNSON,  fe   MKNDENHAIl 

IBBI     planning  *  ARrHITFCTURF  S  ENGINEERING  »  SYSTEMS 


PERT  STATUS  REPORT  NO. 

AC/SULZER 

As  of:     February  15,    1965 

Distributed:     March  3,    1965 


PERT  STATUS 
ALLIS-CHALMERS/SULZER  MODEL  PUMP  PROGRAM 


Distribution 

Department  of  Water  Resources 

AUis  -Chalmers 

Sulzer  Bros. 


Approved:   /fCU*^  C^e^LiJ^^lu^-Cl^-c.*^, 


Hans  Gartmann 
Project  Engineer 


This  report  presents  the  current  AC/Sulzer  Model  Pump  Program 
schedule  derived  from  their  PERT  report  for  the  period  ending 
February  15,    1965. 

Table  I  shows  that  all  testing  will  be  completed  September  9,    1965  which 
is  4  days  behind  schedule,    but  the  overall  program  is  approxinnately 
17  days  ahead  of  schedule. 
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PLANNING  S  ARfHITFI  TURI    '  FNGINF.ERING  S  SYSTEMb 


Figure   1.     Status  of  Expected 
Delivery  Date  of  AC/Sulzer 
Final  Report  Draft 
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CHAPTER   3 
TECHNICAL  ADVISORY   BOARD   MINUTES 


The  Technical  Advisory  Board,    formed  by  DMJM,    met  September  9,    10,    and 
11,    1963  and  February  17,    18,    and  19,    1964  to  provide  general  guidance  for 
the  Tehachapi  Pumping  Plant  Research  and  Development  Program  being  con- 
ducted by  DMJM.     Detailed  minutes  of  these  two  meetings  were  prepared  and 
recorded  in  the  following  documents. 

"Tehachapi  Pumping  Plant,    Research  and  Development  Progrann, 
Technical  Advisory  Board  Meeting  Minutes,    September  9,    10, 
and  11,    1963",    Daniel,    Mann,    Johnson,    &  Mendenhall,    Los  Angeles, 
California,    October  18,    1963. 

"Minutes,    Meeting  No.    2,    Technical  Advisory  Board,    February  17, 
18,    and  19,    1964",    Daniel,    Mann,    Johnson,    &  Mendenhall,    Los 
Angeles,    California,    March  18,    1964. 

The  basic  findings  of  these  meetings  are  summarized  in  the  following  discus- 
sion. 

A.      MEETING   NO.     1,     September  9,    10,    and  11,    1963 

1.       Attendance 

a.       Members  Present 

(1)  Irvan    F.    Mendenhall,    President,    DMJM  (Chairman) 

(2)  John  T.    Clabby,    Vice  President,    Systems  Division,    DMJM 

(3)  Peter  Jaray,    Vice  Director,    Chief  Engineer,    Motor- 
Columbus,    Ltd. 

(4)  Shu  Magota,    Manager  of  Engineering,    DMJM  (Alternate 
Member) 

(5)  S.    Logan  Kerr,    Consulting  Hydraulic  Engineer 

(6)  David  R.    Miller,    Project  Director,    DMJM    (Secretary) 
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b.  DMJM  Project  Staff- (all  were  not  present  for  all  sessions) 

(1)  Hans  Gartmann,    Project  Engineer 

(2)  Ray  A.    Hall 

(3)  Ernest  C.    Cole 

(4)  Otto  Hartmann 

(5)  Ray  E.    Westman 

c.  Invited  Guests  from  the  Department  of  Water  Resources  (DWR), 
State  of  California 

(1)  Donald  P.    Thayer,    Chief,    Dams  and  Plants  Design  Branch, 
Division  of  Design  and  Construction 

(2)  T.    W.    Troost,    Chief,    Mechanical-Electrical  Design  Section, 
Dams  and  Plants  Design  Branch,    Division  of  Design  and  Construction 

2.       Findings 

After  a  series  of  presentations  by  the  project  staff,    the  following 
findings  were  reported: 

a.  A  single  lift,    single  casing,   multistage  pump  concept  was 
established  as  feasible. 

b.  The  feasibility  of  3,    4,   and  5  stage,    single  flow  pumps  was 
established.     It  was  recommended  that  2-stage,    single  flow  and  double  flow 
pumps  be  further  studied. 

c.  The  use  of  modular  models  and  high  head  testing  was  explored, 

d.  Replies  of  model  testing  firms  to  initial  inquiries  were  reviewed 
and  the  conclusion  was  reached  that  additional  information  from  the  firms  was 
required  before  final  selection. 

e.  Mr.    Troost  briefed  the  Board  on  the  observations  of  his  tour  of 
European  pump  manufacturing  firms  and  pumping  installations. 
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f.       The  staff  was  directed  to  initiate  preparation  of  the  detailed 
scope  of  work  and  contract  provisions  for  the  model  testing  work. 

B.      MEETING  NO.    2,     February  17,    18,    and  19,    1964 

1.       Attendance 

a.  Members  Present 

(1)  Irvan  F.    Mendenhall,    President,    DMJM  (Chairman) 

(2)  John  T.    Clabby,    Vice  President,    Systems  Division,    DMJM 

(3)  Austin  H.    Church,    Visiting  Profes  sor,    Duke  University 

(4)  S.    Logan  Kerr,    Consulting  Hydraulic  Engineer 

(5)  Otto  J.    Hartmann,    Senior  Engineer,    Motor -Columbus,    Ltd. 
(Alternate  for  Peter  Jaray,    Motor-Columbus,    Ltd.) 

(6)  L.    J.    Hooper,    Director,    Alden  Hydraulic  Laboratory, 
Worcester  Polytechnic  Institute 

b.  DMJM  Project  Staff  (all  were  not  present  for  all  sessions) 

(1)  David  R.    Miller,    Project  Director 

(2)  Hans  Gartmann,    Project  Engineer 

(3)  James  D.    Reiter 

(4)  Ernest  C.    Cole 

(5)  Wallace  Dela  Barre 

(6)  Ray  E.    Westman 

(7)  Others   -  as  indicated  by  minutes 

c.  Department  of  Water  Resources  (DWR),   State  of  California 

(1)      T.    W.    Troost,    Chief,    Mechanical-Electrical  Design  Section, 
Dams  and  Plants  Design  Branch,    Division  of  Design  and  Construction 
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(2)  Anthony  Hunter,    Head,    Mechanical  Unit,    Southern  District 

(3)  Henry  Markosian,   Head,    Electrical  Unit,   Southern  District 

d.  Metropolitan  Water  District  (MWD) 

(1)  Robert  A.    Skinner,    Chief  Engineer  and  General  Manager 

(2)  E.    W.   Rockwell,    Chief  Electrical  Engineer 

(3)  W.    Paul  Winn,   Senior  Engineer 

e.  Others 

(1)     John  Parmakian,    Consulting  Engineer  (Liaison  from 
Tehachapi  Crossing  Consulting  Board  -  TCCB) 

2.       Summary,    Findings,   and  Board  Recommendations 

a.       Members  of  the  Technical  Advisory  Board  (TAB)  were  briefed 
on  the  results  of  the  program  to  date. 

(1)  DMJM's  role  and  authority  in  the  program,  and  the  responsi- 
bilities that  lie  with  the  DWR,  the  MWD,  the  TCCB,  and  others  were  discussed. 

(2)  The  Board  was  appraised  of  the  MWD  position  favoring  a 
multilift  concept  for  the  Tehachapi  lift,   the  MWD  being  concerned  with  relia- 
bility of  the  total  system  along  with  its  cost,   and  the  fact  that  the  MWD  had 
retained  the  Bechtel  Corporation  to  make  independent  studies  of  various 
aspects  of  the  problem. 

(3)  Regarding  the  advisability  and  desirability  of  having  a  pro- 
gram of  close  coordination  established  between  the  various  groups  and  entities 
concerned  with  the  program,    it  was  specifically  suggested  that  any  Bechtel 
Corporation  field  work  be  coordinated  with  the  DMJM  field  investigation  pro- 
gram and  that  DMJM  establish  a  liaison  system  with  the  MWD  and/or  the 
Bechtel  Corporation,     Further,    it  was  explained  to  the  Board  that  Mr.    John 
Parmakian  has  been  appointed  by  the  TCCB  to  serve  as  liaison  to  the  TAB  of 
DMJM  to  facilitate  coordination. 

(4)  The  results  of  DWR  cost  comparison  studies  of  the  apparent 
four  best  alternates  from  the  standpoint  of  economy  were  presented.     It  was 
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pointed  out  that  the  DWR  currently  favors  the  single  lift,    surface  plant,    under- 
ground penstock  scheme  because  of  inherent  dangers  with  an  underground 
plant  and  in  view  of  the  recommendations  of  the  TCCB. 

(5)      The  following  recommendations  and  findings  made  by  the 
TCCB  at  their  recent  meetings  held  on  January  8,    9,    and  10,    1964  were 
presented. 

(a)  No  further  consideration  should  be  given  to  an  under- 
ground pumping  plant  for  geological,    seismic,    and  safety  reasons. 

(b)  That  multistage  pumps  be  analyzed  from  the  standpoint 
of  a  four-stage  unit  only,  and  that  no  further  consideration  be  given  to  three- 
or  five- stage  pumps. 

(c)  That  further  studies  in  regard  to  a  two-stage,    back-to- 
back  pump  or  a  system  of  two  single-stage  pumps  in  series  for  a  single  lift 
be  abandoned. 

(d)  Recommended  against  further  consideration  of  the 
Pastoria  Creek  route  for  the  multilift  system  for  seismic  reasons.     Recom- 
mended that  an  alignment  for  a  multilift  scheme  be  considered  along  roughly 
the  same  alignment  as  currently  being  considered  for  the  single-lift  concept, 

(e)  Recommended  balancing  tanks  be  used  in  lieu  of 
reservoirs  in  connection  with  the  nnultilift  concept. 


unacceptable. 


(f  )      Found  that  motors  of  speeds  900  RPM  or  greater  to  be 


(g)     Recommended  against  the  use  of  suction  boosters. 


(h)     Recommended  that  no  further  consideration  be  given  to 
the  "air-shroud"  principle  as  proposed  by  Dominion  Engineering. 

(i  )  The  TCCB  recomnnended  the  pump  testing  scheme  be 
limited  to  a  four-stage  model  for  a  single-lift  plan  and  a  two-stage  back-to- 
back  model  for  study  in  connection  with  a  two-lift  plan. 

(j  )  In  the  general  discussion  that  followed,  DMJM  project 
staff  members  pointed  out  to  the  TAB  that  DMJM's  presentation  to  the  TCCB 
was  a  progress  report  and  that  it  was  not  realized  that  the  TCCB  was  prepared 
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to  make  recommendations  based  upon  the  material  presented  to  them  at  that 
time.     It  was  the  consensus  of  the  DMJM  staff  that  miany  of  these  matters 
deserved  more  careful  analysis  and  study  before  decisions  should  be  finalized. 
It  was  pointed  out  that  DMJM,   therefore,    felt  impelled  to  present  the  infor- 
mation to  the  TAB  for  their  individual  and  joint  conclusions  and  recommen- 
dations. 

(6)     The  TAB  was  briefed  on  the  current  status  of  the  program 
with  regard  to  the  nunnber  of  concepts  currently  being  considered  along  with 
the  appropriate  applications  of  the  various  types  of  pumping  machinery  to 
each  of  the  various  lift  concepts. 

b.       Staff  Presentations 

Presentations  were  made  by  the  DMJM  Project  Staff  in  the 
following  sequence.     A  general  discussion  of  each  item  was  held. 

(1)  Review  of  basic  lift  concepts. 

(2)  The  balancing  tank  method  of  flow  regulation. 

(3)  Pump  alternatives  being  considered. 

These  are  the  4-stage  pump  for  the  single-lift  concept;    the 
back-to-back,   two-stage,    single  flow  and  the  two-stage,   double  flow  pumps 
for  the  two-lift  concept;     and  the  single  stage,    single  flow,    Z060  and  1600 
specific  speed  pumps  for  the  three-lift  concept. 

(4)  Motor  study, 

(5)  Model  test  firm  evaluation  procedure. 

(6)  Presentation  of  proposals  from  model  testing  firms. 

A  verbal  resume  was  presented  to  the  Board  of  the  written 
proposals  received  by  DMJM  on  February  10,    1964  from  the  following  firms: 

(a)  Allis-Chalmers  and  Sulzer  Bros,    (joint  venture) 

(b)  Byron  Jackson 

(c)  Baldwin- Lima -Hamilton  and  J.  M.  Voith  (joint  venture) 


50 


(d)     Newport  News  Shipbuilding  and  Drydock  Company  and 
Escher  Wyss  (joint  venture) 

c.  Model  Test  Firm  Presentations 

Presentations  were  made  by  each  of  the  above  model  test  firms. 
A  question  and  answer  period  followed  each  presentation. 

d.  DMJM  Staff  Evaluation  of  Model  Test  Proposals 

A  summary  of  the  written  and  verbal  proposals  was  presented 
by  the  project  staff.      This   summary  covered  the  extent  of  the  proposal,   where 
they  intend  to  perform  the  work,   the  impeller  diameters  suggested,   the  testing 
horsepower  available,   the  proposed  model  test  pressures,    the  time  required 
for  testing,    and  finally  the  unit  costs  and  combinations  for  the  various  models. 
The  selection  procedure  included  such  major  elements  as  tinne,    the  manage- 
ment plan,    the  program  approach,    the  manufacturing  facilities  available,    the 
test  facilities  proposed  to  be  used,   the  individual  and  collective  experience 
with  the  various  types  of  pumping  machinery,    and  cost.     Based  on  these 
considerations,    the  staff  recommended  Baldwin-Lima-Hamilton  as  the 
successful  proposer.      Following  a  general  discussion,    it  was  concluded  that 
a  decision  should  be  made  by  the  TAB  as  to  the  advisability  of  pursuing  the 
three  major  lift  concepts  under  consideration  and  the  adoption  or  rejection 
of  the  five  basic  models  proposed  to  be  tested  prior  to  recommending  the 
firm  or  firms  to  do  the  model  testing  work. 

e.  Presentation  and  Consideration  of  Lift  Concepts 

After  general  discussion  of  the  technical  feasibility  of  the  various 
concepts,    the  Board  affirmed  the  technical  feasibility  of  all  three    lift  concepts. 
There  was  also  general  agreement  that  in  addition  to  technology,    cost  and 
reliability  should  be  considered. 

f.  Presentation  and  Consideration  of  Pump  Alternates 

By  voice  vote,    the  TAB  voted  unanimously  for  the  acceptance  of 
the  DMJM  Staff  recommendations  for  the  inclusion  of  the  basic  five  models 
in  the  model  test  program.      These  include  the  4-stage,    single  flow,    600  RPM, 
2095  specific  speed  model  applicable  to  the  single  lift  concept;    the  2-stage, 
single  flow,   back-to-back  impeller  arrangement,    400  RPM,    1970  specific 
speed,    and  the  2-stage,    double  flow,    600  RPM,    2090  specific   speed  models 
applicable  to  the  2-lift  concept;     and  the  single  stage,    single  flow,    514  RPM, 
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2060  specific  speed,   and  the  single  stage,    single  flow,    400  RPM,    1600  specific 
speed  models  applicable  to  the  3-lift  concept. 

g.       Discussion  of  Model  Test  Firm  Proposals  and  Selection  of 
Successful  Firm 

The  Board  recommended  that  AC/Sulzer  be  awarded  the  four- 
stage  model  with  the  provision  that  they  be  required  to  test  to  at  least  80 
percent  prototype  head.     The  Board  recominended  that  the  2- stage,    single 
flow,   back-to-back  and  the  2 -stage,   double  flow  models  be  awarded  to  BLH/ 
Voith  with  the  stipulation  that  the  liquidated  damages  objections  could  be 
satisfactorily  ironed  out  within  the  framework  of  the  specifications  by  DMJM 
Staff.     The  Board  recommended  that  the  single  stage,    single  flow,    2060  and 
1600  specific  speed  models  be  awarded  to  Byron  Jackson  with  the  stipulation 
that  they  be  required  to  perform  Phase  I  tests  (H,  Q,  Efficiency  Performance 
Tests)  in  365  days  or  less. 

A  discussion  followed  in  which  all  of  the  Board  members  agreed 
that  the  various  stipulations  and  conditions  mentioned  in  the  motions  should 
be  resolved  by  the  DMJM  Staff.     In  the  event  that  one  or  more  of  the  firms 
decide  not  to  agree  to  the  stipulations  and  conditions  and  further  indicate  an 
unwillingness  to  negotiate,   then  they  shall  be  notified  that  the  Staff  is  not  in  a 
position  to  recommend  an  award  and  that  a  telephone  or  telegram  poll  be  made 
of  the  Board  members  for  future  action. 

h.       Presentation  of  DMJM  Staff  Program  -  Phase  I 

A  presentation  was  made  of  DMJM  Staff  recommendations  for 
work  and  tasks  remaining  to  be  done  during  the  Phase  I  portion  of  the  program. 
Reference  was  made  to  a  document  entitled  "Tehachapi  Pumping  Plant  Researcli 
and  Development  Program,    Phase  I  -  Program  Approach"  dated  February  17, 
1964.     This  included  the  following  major  tasks: 


(1)  Management  Control 

(2)  Model  Testing  Program 

(3)  Pump  Research  Study 

(4)  Wear  Test  Program 

(5)  Electric  Motor  Study 
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(6)  Valve  Study 

(7)  Control  and  Instrumentation  Study 

(8)  Facility  Study 

(9)  Reliability  Study 

(10)  Hydraulic  Transient  Study 

(I  1)  Report 

i.       Wear  Test  Program  Presentation  and  Discussion 

A  verbal  presentation  was  made  of  the  DMJM  Staff's  proposed 
wear  test  program  as  presented  in  the  TAB  briefing  report.      The  Board 
recommended  that  the  Wear  Test  Program  proceed,    that  the  DMJM  Staff 
develop  cost  estimates  and  that  if  funding  can  be  arranged,    both  types  of 
testing  (a  stationary  tester  and  a  rotating  tester)  be  utilized. 

j.       Presentation  of  DMJM  Staff  Program  for  Reliability  Studies 

In  summary,    the  proposed  reliability  study  will  forecast  the 
reliability  of  individual  components  and  the  total  system.     It  will  forecast  or 
show  the  availability,    or  lack  of  availability,    of  the  various  components  and 
the  total  system. 

A  discussion  followed  indicating  that  DMJM  may  not  necessarily 
be  concerned  with  interface  items  outside  the  pumping  equipment  itself;    that 
is,    DWR  may  elect  to  coordinate  with  DMJM  in  furnishing  information  con- 
cerning such  things  as  power  source  and  facility  study  items,   penstocks  and 
switchgear. 

The  discussion  was  summarized  by  stating  that  the  information 
given  was  by  way  of  briefing  to  the  Board  members  and  others  to  let  those 
persons  in  the  program  know  what  DMJM  is  thinking  and  that  DMJM  requests 
further  guidance  from  the  State  as  to  proper  cut-off  points  regarding  the  extent 
of  activity  that  DMJM  should  undertake  in  connection  with  the  pump  and  motor 
study. 
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STATE  OF  CALIFORNIA 
STANDARD  AGREEMENT 


rFl««ncl— I     ) 


NUMDER.. 


352876 


THIS  AGREEMENT,  Made  and  entered  into  this.- ..15-th.. ._.  day  of _ .JuJy ,  19.63,.,  at 

Sacramento,  County  of  Sacramento,  State  of  California,  by  and  between  State  of  California,  through  it]  duly  elected  or 
appointed,  quahfied  and  acting 

Dir.e.ct.Qr. 

Tiilc  of  eSictr  ■ciiot  'of  Suto 

hereinafter  called  the  State,  and 


DEPARTMENT  OF  WATER  RESOURCES 

Dcpa(Im<Bt  or  othtr  iltoer 


Daniel,   Mann,   Johnson  and  Mendenhall; 

hereinafter  called  the  Contractor. 

WrrNEisETH:     That  the  Contractor  for  and  in  consideration  of  the  covenants,  conditions,  agreement,',  and  stipulations 
of  the  State  hereinafter  expressed,  does  hereby  agree  to  furnish  to  the  State  services  and  materials,  as  follows: 

(Set  forth  (crvicc  to  be  rendered  by  Contractor,  amount  to  be  paid  Contractor,  time  for  performance  or 
completion,  and  attach  plans  and  specifications,  if  any.) 


(See  reverse  side  hereof  and  following  ten  sheets,  each  bearing 
3  name  of  Contractor.) 


he  KTOvisions  on  the  reverse  side  hereof  constitute  a  part  of  this  agreement. 

■♦  WITNESS  WHEREOF,  This  agreement  has  been  executed,  in  qu.idruplicate,  by  and  on  behalf  of  the  parties  hereto, 

Daniel,   f^ann,    JohnsgiTjand  Mendenhall 
ion) 


yTind  year  first  above  written. 

State  op  California 


^En/VRT>1ENT  OF  WAT^  RESOURCES 


/ Conlraclor) 


S.  Kenneth  John^ 

Executive  Vice  lYesident 
33'2'5""WilshTre~Mvd'; 
Los  Anseles  5,    California 


HAte^CHAMiPION,  Dir 


^ 


-,Fi,nd      -         '•      ^ 


i^^^j^^^^is^/::)^:^. 


tt 


^-^giji,s;/:u:wM> 


'.^IrSmi-ct  ^39. 


20-. 


ihcun 


hat 


by  Certify  upon  my  own  personjl  knowlcdx' 
cumbered  balance  of  the  departmental  budget  pro- 

▼ition  for  the  period  Italed  above  ia  correct. 

"*/tcT  T.B.A.  No or  B.II.  No. ) 


(,^^R«a7   IRCV.  4.ail    FUNOINO  STHIP 

ow«  ear"rxi.— r.wT>uNoii.o  sriiiii" 


OI-PAHTMENT  Or  WATER  RESOURCES 


.®an- 
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1.  The  State  hereby  agrees  to  pa"^  '^or  the  services  and  materials  at  the  times,  iiy*^  Gamier  and  for  the  consideratio«, 
herein  expressed. 

2.  The  Q)ntractor  agrees  to  indemnify  and  save  harmless  the  State,  its  officers,  agents  and  employees  from  any  and  all 
cliims  and  losses  accruing  or  resulting  to  any  and  all  contractors,  subcontractors,  materialmen,  laborers  and  any  other 
pcr&ra,  £rni  or  corjoritioQ  tcmisliinj  or  sapplying  wort,  serrjoes,  materials  or  supplies  in  connection  witi  tlie  performance 
of  this  coatnct,  and  from  any  and  all  cLiims  and  losses  accruing  or  resulting  to  any  person,  firm  or  corporadon  who  may 
be  injured  or  damaged  by  the  Contractor  in  the  performance  of  this  contract.  The  Contractor  shall  provide  necessary 
virorkinan's  compensation  insurance  at  Contractor's  own  cost  and  expense. 

3.  The  parties  hereto  agree  that  the  Contractor,  and  any  agents  and  employees  of  Contractor,  in  the  performance  of  thij 
agreement,  shall  act  in  an  independent  capacity  and  not  as  officers  or  employees  or  agents  of  State  of  California. 

4.  The  State  may  terminate  this  agreement  and  be  relieved  of  the  payment  of  any  consideration  to  Contractor  should 
Contractor  fail  to  perform  the  covenants  herein  contained  at  the  time  and  in  the  manner  herein  provided.  In  the  event  of 
such  termination  the  State  may  proceed  with  the  work  in  any  manner  deemed  proper  by  State.  The  cost  to  the  State  shall 
be  deducted  from  any  sum  due  the  Contractor  under  thb  agreement,  and  the  balance,  if  any,  shall  be  paid  the  Contractor 
upon  demand. 

J.  This  agreement  is  not  assignable  by  Contractor  either  in  whole  or  in  part. 

6.  Time  is  of  the  essence  of  each  and  all  the  provisions  of  this  agreement,  and  the  provisions  of  this  agreement  shall  extend 
to  and  be  binding  upon  and  inure  to  the  benefit  of  the  heirs,  executors,  administrators,  succenors,  and  assigns  of  the 
respective  parties  hereto. 

7.  It  is  mutually  \inderstood  and  agreed  that  no  alteration  or  variation  of  the  terms  of  this  contract  shall  be  valid  unless 
made  in  writing  and  signed  by  the  parties  hereto,  and  that  no  oral  understandings  or  agreements  not  incorporated  herein, 
and  no  alterations  or  variations  of  the  terms  hereof  unless  made  in  writing  between  the  parties  hereto  shall  be  binding  on 
any  of  the  parties  hereto. 
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1.  Contractor  shall  carry  out  a  research  and  develop- 
ment program  along  with  related  engineering  work  for  the  Tehachapi 
Pumping  Plant  and  shall  furnish  consulting  services  to  State  in 
connection  with  this  facility  as  required.  The  program  will 
cover  research,  development  and  engineering  activities  relative 
to  the  p\imj?lng  Installations  Including,  but  not  limited  to,  the 
following: 

a.  Analysis  of  previous  studies.  State  shall  pro- 
vide Contractor  with  all  previous  studies  performed  leading 
to  the  preliminary  selection  of  type  and  number  of  pumps 
including  the  report  prepared  by  State  entitled  "Preliminary 
Engineering  Study  of  Plant  Layouts  Using  Multistage  Pump 
Units  —  Tehachapi  Pumping  Plant, "  April,  1962.  Contractor 
shall  review  these  studies  as  background  materlcil  forming 
the  basis  for  the  work  under  this  contract  and  shall  analyze 
and  report  any  disagreement  it  may  have  with  the  conclusions 
therein  for  resolution  by  State  before  it  proceeds  with  the 
work.  Contractor  shall  perform  such  other  studies  of 
possible  alternative  programs  as  may  be  requested  by  State. 

b.  Analysis  and  recommendations  for  model  testing 
program.  Contractor  shall  study  and  ascertain  requirements 
for  a  model  testing  program  for  the  pumps  and  shall  prepare 
specifications  for  such  a  program,  after  reviewing  preliminary 
apecificatlons  developed  by  State. 

c.  Selection  of  a  model  testing  firm  and  the  execu- 
tion of  a  contract  for  the  model  testing  work.  Contractor 
shall  Investigate  the  various  pump  manufacturing  firms  or 
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other  Institutions  having  hydraulic  machinery  testing  labora- 
tories, to  deteiroine  which  fiiro  or  institution,  in  its  opinion, 
can  best  accomplish  the  model  testing  and  shall  recommend  to 
the  State  the  selection  of  that  firm  or  institution.  Upon 
the  concurrence  of  the  Department  of  Water  Resources  and  the 
Department  of  Finance  in  said  selection  and  approval  by  said 
Departments  of  the  form  of  the  model  testing  subcontract. 

Contractor  shall  execute  a  subcontract  with  the  selected 
firm  or  Institution  for  the  performance  of  the  model  testing 
required.  Contractor  shall  handle  the  details  of  contract 
preparation  and  execution.  | 

d.  The  administration  of  the  model  testing  sub- 
contract and  witnessing  the  research  and  development  work 
at  the  model  testing  laboratories.  Contractor  shall  admin- 
ister all  details  of  the  model  testing  subcontract.  Contractor 
shall  establish  a  resident  office  at  the  test  laboratory 
location  and  qualified  personnel  of  Motor- Columbus,  Ltd.  or 
Contractor  assigned  to  the  project  shall  witness  all  tests. 
Contractor,  in  cooperation  with  the  model  testing  firm,  shall 
formulate  procedures  for  conducting  the  model  tests.  Reports 
on  the  progress  of  model  testing  shall  be  furnished  to  State 
weekly  in  accordance  with  the  provisions  of  Section  3  hereof. 

e.  Investigation,  study,  and  analysis  of  pumps . 
Contractor  shall  perform  an  investigation,  study,  and  analysis 
of  pumps  and  related  plant  features  to  determine  the  most 
feasible  and  economical  type  of  pumping  facility.  Contractor 
shall  Initiate  such  studies  as  soon  as  possible  in  order  to 
provide  State  with  prelirainaiy  recommendations.  Factors  to 
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be  considered  by  Contractor  shall  include  efficiency,  opera- 
tion and  maintenance  characteristics,  piimping  plant  equipment, 
reliability  and  compatibility  with  related  pumping  plant 
components  such  as  motors,  valves  and  penstocks,  as  well  as 
any  additional  factors  that  should  be  evaluated  in  determining 
the  optimum  type  of  pumping  system.  State  shall  furnish  to 
Contractor  cost  data  on  equipment  appurtenant  to  pumps,  and 
on  plant  construction,  as  such  may  be  required  in  pvimp 
selection 

Contractor  shall  conduct  normal  operation  and 
transient  behavior  studies  of  the  pumps  to  determine  the 
design  characteristics  for  the  pumps  and  appurtenant 
equipment.  Such  studies  shall  Include  analysis  of  the  four 
quadrant  pump  characteristics  and  water  hammer  analysis  of  the 
penstock  system.  Complete  step  by  step  calculations  shall 
be  made  of  all  surge  conditions  to  determine  transient  pres- 
sures for  penstock  design  and  discharge  valve  operating  time. 
The  studies  shall  Include  determination  of  starting,  stop- 
ping, and  emergency  operation  conditions.  Motor  starting, 
pump  motor  thrust  bearing,  pump  foundation  anchorage,  space 
requirements,  and  the  effect  of  individual  pumo  failure 
on  the  operation  of  remaining  parallel  pumps  shall  be  deter- 
mined. Investigations  shall  also  be  conducted  of  resonant 
effect  In  the  discharge  pipes  resulting  from  pressure 
oacillatlons.  Contractor  shall  carry  out  such  other  studies 
of  related  plant  features  as  may  be  requested  by  State. 
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f.  Submission  of  a  final  report.  T.ie  results  of 
the  studies  together  with  the  model  testing  n  ports  shall  be 
assembled  In  a  final  report  to  State.  The  report  shall  In- 
clude a  draft  of  the  technical  portion  of  the  specifications 
for  procurement  of  the  prototype  pumps.  State  desires  that 
these  specifications  shall  be  such  as  to  allow  the  widest 
possible  competitive  bidding  to  the  extent  consistent  with 
obtaining  optimum  characteristics.  Fifty  copies  of  the  final 
report,  with  one  set  of  reproducible  auto-posltlves,  together 
with  photographs  of  the  models  and  test  facilities  shall  be 
furnished  to  the  Department.  The  report  size  shall  be 
approximately  8-1/2  x  11  Inches. 

2.  The  services  to  be  rendered  by  Contractor  under  this 
contract  shall  be  rendered  through  Contractor's  own  personnel  and 
also  through  the  personnel  of  the  firm  of  Motor-Coliambus,  Ltd.  of 
Baden,  Switzerland  (hereinafter  "Motor-Columbus")  which  firm  shall 
be  engaged  as  a  subcontractor  by  Contractor.  State  shall  have  no 
obligation  under  this  contract  unless  Contractor  executes  a  sub- 
contract with  Motor- Columbus  which  Is  consistent  v;lth  this  contract, 
and  which  provides  for  the  contribution  of  the  experience  of  Motor- 
Columbus  to  the  work  required  hereunder  and  makes  the  personnel  of 
Motor-Columbus  available  for  advice  and  engineering  on  the  technicals 
problems  Involved  In  the  performance  of  such  work.  Contractor 
shall  permit  the  Department  of  Water  Resources  and  the  Department  of 
Finance  to  examine  the  proposed  form  of  subcontract  with  Motor- 
Columbus  and  shall  incorporate  therein  any  reasonable  changes  sug- 
gested by  said  Departments  to  insure  Motor-Columbus  participation, 
as  described  in  the  preceding  sentence,  in  the  work  hereunder,     i! 

60  I 


itrji 


Daniel,  Mann,  Johnson  and  Mendenhall  Page  6  of  11 

Contractor's  Project  Director  shall  be  Mr.  D.  R.  Miller 
and  the  Project  Engineer  shall  be  Mr.  L.  H.  Kessler.   Mr.  I.  E. 
Mendenhall,  and  Mr.  John  Clabby  of  Daniel,  Mann,  Johnson  and 
Mendenhall,  Mr.  Peter  Jaray  of  Motor-Colvimbus,  Ltd.,  and  Mr.  S. 
Logan  Kerr,  Special  Consultant,  shall  act  as  a  Technical  Advisory 
Board  during  the  performance  of  the  work. 

Contractor  agrees  that  all  persons  assigned  to  perform 
the  services  required  by  this  contract  shall  possess  experience 
and  qualifications  acceptable  to  State.  At  any  time  during  the 
contract  period.  Contractor  will,  at  the  request  of  State,  and 
may,  with  the  concurrence  of  State,  remove,  reassign,  or  replace 
any  person  or  persons  assigned  by  Contractor  to  the  contract  work. 
3.  Contractor  shall  transmit  weekly  reports  which  shall 
describe  all  activities  of  the  Contractor  pertaining  to  the  v;ork 
hereunder  during  the  preceding  week.  Contractor  shall  include  in 
said  weekly  reports  preliminary  copies  of  data  obtained  and  studies 
made,  conclusions  reached  on  problems  under  study,  a  list  of  per- 
I  sonnel  engaged  in  the  work,  and  all  other  data  necessary  to  permit 
an  evaluation  of  the  progress  of  the  work.  Said  reports  shall  be 
I  sent  to  Mr.  Donald  P.  Thayer,  Chief,  Dams  and  Plants  Design  Branch, 
;  Division  of  Design  and  Construction,  Sacramento,  California. 
!  Contractor  shall  present  oral  briefings  on  the  progress  of  the 
■  studies  to  State  personnel  when  requested  by  State.  It  is  con- 

,  teraplated  that  State  personnel  shall  inspect  the  work  hereunder, 

i 

j Including  the  model  testing,  from  time  to  time  as  said  work  pro- 
gresses, and  Contractor  shall  give  State  such  notice  of  the 
scheduling  of  said  work  as  will  permit  State  sufficient  time  to 

arrange  to  have  Its  personnel  present  at  the  work  site. 
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4,  Alfred  R,  Golze,  Chief  Engineer,  Department  of     ' 
Water  Resources  will  aot  as  State  representative  in  connection  wit] 
this  contract  and  all  official  correspondence  shall  be  addressed 
to  him,  other  than  the  reports  specified  in  Article  3.  Mr,  Golze 
will  designate  in  writing  representatives  to  act  for  him. 

5,  Any  information,  data,  or  material,  including, 
without  limitation,  any  work  papers,  drawings,  designs,  or 
specifications,  supplied  or  generated  pursuant  to  this  contract 
shall  become  the  property  of  State  and  shall  be  delivered  to  State 
upon  the  conclusion  of  Contractor's  work  hereunder.  Such  informa- 
tion, data  or  material  shall  not  be  transmitted  to  others  than  the 
State,  including  the  press,  without  the  written  permission  of  State 

6,  State,  at  its  option,  may  terminate  this  contract 

at  any  time  upon  thirty  days'  written  notice  to  Contractor.  The 

1 
model  testing  subcontract  and  the  subcontract  with  Motor-Columbus  j 

shall  contain  appropriate  provisions  which  will  allow  Contractor  ti 

terminate  them  upon  State's  request.  In  the  event  of  termination 

of  this  contract  by  State,  Contractor  shall  be  paid  for  all  work 

performed  and  expenses  incurred  pursuant  to  this  contract  to  the 

date  of  termination.  Contractor,  in  the  event  of  such  termination, 

shall  complete  such  work  as  is  necessary  to  put  the  work  files  in 

order  and  to  summarize  the  work  accomplished  to  the  termination 

date  in  a  report  to  State, 
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7.  State  shall  compensate  Contractor  for  Its  work  on 

the  following  basis: 

a.  Salaries.  State  shall  reimburse  Contractor  for 

salary  costs,  at  the  following  rates,  for  the  actual  time 

of  Contractor's  personnel  in  the  catagories  below  while 

directly  engaged  in  performing  work  under  this  contract. 

Member  of  the  Technical 

Advisory  Board  $108 . 00  per  day 

Project  Director  and 

Project  Engineer $  7^.00  per  day 

Senior  Member,  Technical 

Staff $  58. 40  per  day 

Member,  Technical  Staff  $  48.00  per  day 

Draftsman $  30. 40  per  day 

Final  Report  Typist $  22. 00  per  day 

Said  rates  are  for  an  eight-hour  day;  fractions  of  such  eight- 
hour  day  shall  be  reimbursed  on  a  pro  rata  basis. 

b.  Indirect  Costs  and  Overhead.  State  shall  pay 
Contractor  an  amount  equal  to  90  percent  of  the  total  amount 
reimbursable  under  paragraph  (a),  to  cover  Contractor's 
Indirect  costs  and  overhead. 

c.  Profit.  State  shall  pay  Contractor,  as  and  for 
profit,  an  amoxmt  equal  to  10  percent  of  the  svm   of  the  total 
amount  reimbusable  under  paragraphs  (a)  and  (b). 

d.-  Transportation  and  travel  expenses,  (l)  State 
agrees  to  pay  (a)  actual  transportation  costs;  plus  (b)  up 
to  $15.00  per  day  for  all  other  actual  expenses  within  the 
State  of  Ceilifomla,  including  but  not  limited  to  meals  and 
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lodging  costs,  (2)  State  agrees  to  pay  (a)  actual  transpor- 
tation costs;  plus  (b)  actual  lodging  costs;  plus  (c)  up  to 
$8.50  per  day  for  all  other  actual  expenses  outside  of  the 
State  of  California,  Including  but  not  limited  to  meals, 
(3)  Such  transportation  and  traveling  expenses  shall  be 
allowable  for  Contractor's  employees  whose  time  is  charged 
under  paragraph  (a)  and  only  for  travel  necessary  to  the 
work  described  in  this  agreement,  away  from  their  headquarters.  * 
Q^e  headquarters  for  Contractor's  employees  is  hereby  desig- 
nated as  Los  Angeles,  California.  1 

e.  Communication  expenses .  State  shall  reimburse 
Contractor  for  any  long  distance  telephone,  cablegram, 
telegram  and  teletype  expenses  incurred  directly  pursuant 
to  the  prosecution  of  the  work  under  this  contract. 

f .  Prints  and  reproductions.   State  shall  reimburse 
Contractor  for  the  expense  of  reproducing  engineering  draw- 
ings by  either  direct  or  brown- line  print,  when  such  repro- 
ducing is  required  by  the  work  hereunder. 

g.  Consultants .  State  shall  reimburse  Contractor 
for  the  actual  compensation  paid  to  special  consultants  hired 
by  Contractor  to  aid  in  the  work  required  under  this  contract. 
No  such  special  consultant  shall  be  hired  unless  State 
approves  such  hiring,  and  the  terms  thereof.  In  writing.  The 
total  amount  to  be  paid  to  Contractor  pursuant  to  this  para- 
graph shall  not  exceed  $6,000. 
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h.   Other  direct  expenses.   State  shall  reimburse 
Contractor  for  any  direct,  out-of-pocket  expenses  which  are 
not  enumerated  above  but  which  are  incidental  and  essential 
to  the  work  required  under  this  agreement,  provided  prior 
approval  of  State  is  obtained  for  each  such  item  of  expense 
in  excess  of  Five  Hundred  Dollars. 

1.  Motor-Columbus.  State  shall  pay  Contractor,  for 
the  account  of  Motor-Columbus,  for  work  performed  by  Motor- 
Columbus  personnel,  expenses  incurred  by  Motor-Columbus  and 
profit  due  Motor-Columbus  upon  the  basis  of  paragraphs  (a) 
to  (h)  inclusive.  For  the  purposes  of  paragraph  (d),  the 
headquarters  for  Motor-Columbus  employees  is  hereby  designated 
as  Baden,  Switzerland. 

J.  Model  Testing  Subcontract.  State  shall  reimburse 
Contractor  for  all  payments  made  to  the  model  testing  firm 
pursuant  to  the  model  testing  subcontract  together  with  10 
percent  of  such  payments  to  reimburse  Contractor  for  its 
costs  of  administering  said  model  testing  subcontract. 

8.  Payment  for  work  done  under  the  terms  of  this  agree- 
ment shall  be  made  by  State  periodically  as  promptly  as  State 
procedures  will  permit  after  the  receipt  of  itemized  invoices  in 
triplicate  prepared  and  submitted  monthly  by  Contractor  to  the 
State  Department  of  Water  Resources,  P.  0.  Box  388,  Sacramento  2, 
California,  Such  Invoices  shall  describe  the  time  expended  by 
Contractor's  staff  and  the  staff  of  Motor-Columbus,  and  actual 
expenditures  incurred  and  paid,  and  shall  be  accompanied  by  such 
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copies  of  Invoices,  payrolls  and  other  documents  and  proof  as 
may  be  required  by  State  to  establish  such  costs  as  proper  under 
this  contract.  | 

9.  The  amount  to  be  paid  Contractor  under  the  terms  of 
this  agreement  shall  not  exceed  the  sum  of  $450,000,  unless  pursuant 
to  an  amendment  hereto  signed  by  Contractor  and  the  Department  of 
V/ater  Resources  and  approved  by  the  Department  of  Finance.        If 

10.  All  work  to  be  accomplished  by  Contractor  pursuant 
to  this  agreement  shall  be  completed,  and  the  final  report  shall 
be  submitted  by  Contractor  to  State,  within  570  calendar  days 
from  the  date  of  this  contract. 


ee 
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THIS  AGREEMENT,  Made  and  entered  into  this ^^}^ day  ol  .Je\>TVAXy _ - - — .  10. y7..,  it 

Sacramento,  County  of  Sacramento,  State  of  California,  by  and  between  State  of  California,  through  its  duly  elected  or 
appointed,  qualified  and  acting 
DIRECTpRj DEPARTMENT  OF  WATER  RESOURCES 

Titif  of  olficM  •ctini  for  Siitf  DcpirtncBt  or  ottiu  tgracr  ^ 

hereinafter  called  the  State,  and  a 3^' 

DANIEL,  EWW,  JOHNSON  and  MEKDENHALL, ' 


hereinafter  called  the  Contractor. 

WrrNESSETH:     That  the  Contractor  for  and  in  consideration  of  the  covenants,  conditions,  agreements,  and  jtipulationj 
of  the  State  hereinafter  expressed,  docs  hereby  agree  to  furnish  to  the  State  services  and  materials,  as  follows: 

(Set  forth  (ervlce  to  be  rendered  by  Contractor,  amount  to  be  paid  Contractor,  time  for  performance  or 
completion,  and  attach  plans  and  specifications,  if  any.) 

That  certain  Standard  Acrcc.-.nnt  IIo.  352376,  dated  July  15,  1963,  by  nr.d  bctv-ocn 
the  partioa  horoto  is  hereby  ar.i;ndcd  as  follo'js: 

1,  l.'onborshlp  of  tho  Technical  Advioory  Bojjd  provided  for  in  tlio  cccor.d  p-ra- 
Craph  of  Articlo  2,  paco  6,  of  cald  acrccncnt  is  hereby  increased  fron  four  f.:  .'eers 
to  six  r.cribors  by  tho  addition  of  tho  oorviocs,  roepcctivoly,  of  special  r.cxborc 
Mr,  A.  H.  Church  and  L.  P.  Hoopor, 

2.  That  Articlo  ?,  paragraph  (a),  pago  8,  of  said  acrce-cnt  is  a;;cr.dcd  to 
further  provido  ao  follows; 

Mr.  A.  H,  Chvirch,  Special  Member 

of  tho  Technical  Advisory  Board $150.00  per  day 

Mr.  L.  P.  Hooper,  Special  Member 

of  the  Technical  Advisory  Board $150.00  per  day 

The  provisions  on  the  reverse  side  hereof  constitute  a  part  of  this  agreement.  »  ' 

IN  WITNESS  WHEREOF,  This  agreement  has  been  executed,  in  quadruplicate,  by  and  on  behalf  of  the  parties  hereto, 


the  day  and  year  first  above  written. 

State  op  California 
DEPARTMENT  OF  WATER  RESOURCES 

(sg3).  wfJTam  r'Warnfl 


IWm,  JOBlfSON  and  MENDEJHALL 


By>. 


Executive  Vice  President 


P't^ ECTOR  OF  WATEg  f?FSOUHrrT 


(Continued  c 


_      3325  Wilshiro  Blvd.,  Los  An-clos  5»  Calif. 

Addreii 
tbetti,  each  bearing  name  of  Contractor) 


Drpcrlu'nt  o(  Gen  ml  Scrv'c 


APPROVED 


p  ,MAY  1     1964 


Vnr   Dppartnieni  oT  I'ir\ir»«- 


JJJ^_\ 


SssLJM-^^,^^^^.M^^>^5^/^^ 


CUJR^B  F.nd  ^Cl^Ycln^js^cuH^'i     . 


I  Hertbr  Ctrlifr  "PO"  ""T  <"">  P"'on"'  knowledge  thit 
tlx  unencumbered  bjinc.  o<  th.  dcpiriroeoul  bud»«  pro- 
for  th«  period  tuui  tbort  u  correct 

_oc  B.IL  No. •) 


rT.B.A-No.  - 
ovynat?  (Rcv.  4.(t)  ruMommtnir 
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4.  Tlic  St.itc  hereby  agrees  to  pay  the  services  and  materials  at  the  times,  in  r'  manner  and  for  the  conjiJoratloii, 
herein  expressed. 

2.  The  Contractor  agrees  to  indemnify  and  save  harmless  the  State,  i;s  ofiiccrs,  agents  and  employees  from  any  and  all 
claims  and  losses  accruing  or  resulting  to  any  and  all  contractors,  subcontractors,  materialmen,  laborers  and  iny  other 
person,  firm  or  corporation  furnishing  or  supplying  work,  sci-viccs,  materials  or  supplies  in  connection  with  the  performance 
of  this  contract,  and  from  any  and  all  claims  and  losses  accruing  or  resulting  to  any  person,  firm  or  corporation  who  may 
be  injured  or  damaged  by  the  Contractor  in  the  performance  of  this  contract.  The  Contractor  shall  provide  necessary 
workman's  compensation  insurance  at  Contractor's  own  cost  and  expense. 

3.  The  parties  hereto  agree  that  the  Contractor,  and  any  agents  and  employees  of  Contractor,  in  the  performance  of  this 
agreement,  shall  act  in  an  independent  capacity  and  not  as  officers  or  employees  or  agents  of  State  of  California. 

4.  The  State  may  terminate  this  agreement  and  be  relieved  of  the  payment  of  any  consideration  to  Contractor  should 
Contractor  fail  to  perform  the  covenants  herein  contained  at  the  time  and  in  the  manner  herein  provided.  In  the  event  of 
such  termination  the  State  may  proceed  with  the  work  in  any  manner  deemed  proper  by  State.  The  cost  to  the  State  shall 
be  deducted  from  any  sum  due  the  Contractor  under  this  agreement,  and  the  balance,  if  any,  shall  be  paid  the  Contractor 
upon  demand. 

5.  This  agreement  is  not  assignable  by  Contractor  either  in  whole  or  in  part. 

6.  Time  is  of  the  essence  of  each  and  all  the  provisions  of  this  agreement,  and  the  provisions  of  this  agreement  shall  extend 
to  and  be  binding  upon  and  inure  to  the  benefit  of  the  heirs,  executors,  administrators,  successors,  and  .issigns  of  the 
respective  parties  hereto. 

7.  It  is  mutually  understood  and  agreed  that  no  alteration  or  variation  of  the  terms  of  this  contract  shall  be  valid  unless 
made  in  writing  and  signed  by  the  parties  hereto,  and  that  no  oral  understandings  or  agreements  not  incorporated  herein, 
and  no  alterations  or  variations  of  the  terms  hereof  unless  made  in  writing  .between  the  parties  hereto  shall  be  binding  on 
any  of  the  parties  hereto. 

3.  That  iTith  rcDpoct  to  rolnburcoriiont  to  Contfactor  for  tho  services  of 
Mr.  A.  II.  Church  and  of  Ilr,  L.  P.  Iloopor,  paragraphs  (b)  and  (c)  of  Article  7, 
paco  8,  of  said  aeroomont  shall  not  bo  applicable^ 

4,  That  tho  rcajdnuBi  amount  oxpondablo  undor  tho  tonos  of  thio  9srocn?nt  is 
Increased  from  iik5O,Q00  to  $^70,000 

Except  as  hcroinabovo  amended,  all  provisions  of  said  agrocnont  chalj.  continuo 
in  full  fore©  and  effect.  


'^"^  01  £  wd  01  Mm 
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STATE  OF  CAIIFORNTA 
STANDARD  AGREEMENT 


V'HZilfl^ 


THIS  AGREEMENT,  Made  and  entered  into  this.. 


5th 


day  of. 


May 


NuMDEB_.352876 

AMENDMENT  H. 
.,  1?  6t.  at 


Sacramento,  County  of  Sacramento,  State  of  California,  by  and  between  State  of  California,  through  its  duly  elected  or 
appointed,  qualified  and  acting 

riRECTOR, 


Thif  sf  afic<T  aetiai  for  Suta 

hereinafter  called  the  State,  and 


DEPARTMENT  OF  WATER  RESOURCES 


DAMIEL,  MANN,  JOHMSON  AND  MENDSHLUX, 


hereinafter  called  the  Contractor. 

WrrNEJSETH:     That  the  Contractor  for  and  in  consideration  of  the  covenants,  conditions,  agreements,  and  stipulations 
of  the  State  hereinafter  expressed,  does  hereby  agree  to  furnish  to  the  State  services  and  materials,  as  follows: 

(Set  forth  lenrice  to  be  rendered  by  Contractor,  amount  to  be  paid  Contractor,  time  for  performance  or 
completion,  and  attach  plans  and  specifications,  if  any.) 

That  contain  Standard  Acrcoruont  No.  352376  dated  July  15 »  19^3 »  as  or.ondcd  by 
Ajiond-.cnt  I  thoroto,  dated  February  l4,  \^i:h,   by  and  bot;:oon  tho  parties  horoto  Is 
hereby  furthor  aiaondod  as  folloiys: 

1.  Sections  I.e.,  d.  and  7.j«  aro  rnondcd  by  inccroin3  tha  uords  "firas",  "contracts", 
"institutions"  and  "subcontracts"  for  tho  v.-ords  "fim'-',  "contract",  "institution"  and 
"subcontract"  vherovor  such  vords  appear  in  said  Sections. 

2.  Tlia  third  and  fourth  sentences  of  Section  l.d.  aro  hereby  dolotod  and  tho  follo-.:- 
ln[;  sentences  inserted  in  placo  thorcof:  "Contractor  shall  establish  a  resident  offico  at 
each  tpst  laboratory  location  and  qualificii  porsonnol  of  i'otor-Colu;;bu3,  Ltd.,  or  Contractor 
assir.nod  to  tho  project  shall  witness  all  tosts."  "pLcports  on  tho  pro^roos  of  nodol 
tostins  shall  bo  furnished  to  Stato  t;'jico  monthly", 

3.  Tho  second  para[;raph  of  Section  2  is  ancndcd  by  dolotinj  tho  na.T.o  of  "Ilr.  L.  H. 
Keosler"  and  inserting  in  placo  tl:crcof  tho  najio  "Mr.  Hans  Gartmanii'' . 

(CClii'D) 

The  provisions  on  the  reverse  side  hereof  constitute  a  part  of  this  agreement. 

IN  WITNESS  WHEREOF,  This  agreement  has  been  executed,  in  quadruplicate,  by  and  on  behalf  of  the  parties  tiereto, 
the  day  and  year  first  above  written. 


State  op  California 
DEPARTMENT  OF  WATER  RESOURCES 


DANIEL,  MANN,  JOHNSON  AND  MENDEHHAIL 
Contactor (A-C-o.-.'-.r^r.-jiJ-.!:.;;!- 


By. 


iadt^'idt^i,  itiif  wheUxr  a  Cd^poraiioi 


,  ptttattihip,  ate) 


DEPUTY  director  .  „. 


Stinley-A".  Moe 

Executive  Vice  President 

Tiiii 

3325  Wilshire  Blvd.,  Los  Angelec  5.  Calif. 


Doporlm'?nl  cf  C?n 


Joporlm^nl  ct  i.rn  rsi  oti  ' ^^^^^ 

A P.P r. o  V E.^^I^T^i  .'>r?^/ pyyop^g 


:3tlN  1 1  1964 


M  U  ^J  J  Ay    <h«  unencumbered  ba 
tVWl  V^-   »i,l„„  for  the  period 


(After  T.B.A.  No. 
DWR  627  (R(V. 


(Adcr  T.B.A,  No. or  B.R.  No... 

'rt..p(Jnt     of     F)  own**?   (R«V.  4.M»   ruNOIMa*™!^ 
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1.  Tlic  State  hereby  agrees  to  pay  for  the  services  and  material}  at  the  times,  in  t^e  manner  and  for  the  consider.'iii.i 
herein  expressed. 

2.  The  Contractor  agrees  to  indemnify  and  save  harmless  the  State,  its  ofHccrs,  agents  and  employees  from  any  and  ai 
claims  and  losses  accruing  or  resulting  to  any  and  all  contractors,  subcontractors,  materialmen,  laborers  and  any  odic 
person,  firm  or  corporation  furnishing  or  supplying  work,  services,  materials  or  supplies  in  connection  with  the  pcrformanc 
o{  this  contract,  and  from  any  and  all  claims  and  losses  accruing  or  resulting  to  any  person,  firm  or  corporation  who  ma 
be  injured  or  damaged  by  the  Contractor  in  the  performance  of  this  contract.  The  Contractor  shall  provide  nccessv 
workman's  compensation  insurance  at  Contractor's  own  cost  and  expense. 

3.  The  parties  hereto  agree  that  the  Contractor,  and  any  agents  and  employees  of  Contractor,  in  the  performance  of  thi 
agreement,  shall  act  in  an  independent  capacity  and  not  as  officers  or  employees  or  agents  of  State  of  California. 

4.  The  State  may  terminate  this  agreement  and  be  relieved  of  the  payment  of  any  consideration  to  Contractor  shoul 
Contractor  fail  to  perform  the  covenants  herein  contained  at  the  time  and  in  the  manner  herein  provided.  In  the  event  o 
such  termination  the  State  may  proceed  with  the  work  in  any  manner  deemed  proper  by  State.  The  cost  to  the  State  shal 
be  deducted  from  any  sum  due  the  Contractor  imder  this  agreement,  and  the  balance,  if  any,  shall  be  paid  the  Contrac^fo 
upon  demand. 

5.  This  agreement  is  not  assignable  by  Contractor  either  in  whole  or  in  part. 

6.  Time  is  of  the  essence  of  each  and  all  the  provisions  of  this  agreement,  and  the  provisions  of  this  agreement  shall  extcni 
to  and  be  binding  upon  and  inure  to  the  benefit  of  the  heirs,  executors,  administrators,  successors,  and  assigns  of  tl3< 
respective  parties  hereto. 

7.  It  is  mutually  understood  and  agreed  that  no  alteration  or  variation  of  the  terms  of  this  contract  shall  be  valid  unlcs 
made  in  writing  and  signed  by  the  parties  hereto,  and  that  no  oral  understandings  or  agreements  not  incorporated  herein 
and  no  alterations  or  variations  of  the  terms  hereof  unless  made  in  writing  bet,ween  the  parties  heretjo  shall  be  binding  oi 
any  of  the  parties  hereto. 

'If.  Section  3  is  ouiendod  Isy  adding,  aftor  the  last  sentence  thereof,  the  following: 
"Tlio  Contractor  agroos  to  pay  for  transportation  and  travel  expenses,  in  cccorc'^aco  trit 
Section  7.d,(l)  and  (2)  hereof,  for  a'nrtxiBiun  of  four  inspection  trips  by  State  persona 
of  the  model  testing  fimo  and  testing  prosresc.  The  State  sliall  desigiiate  to  the  Coa^ 
tractor  in  vrlting  the  p&rsonnel  to  mako  such  inspections  and  the  schedule  of  sar^"« 

5,  Section  7.E.  ia  amended  to  increase  the  amount  the  Contractor  shall  fee  reimbursed 
for  paynents  to  consultants  from  not  to  o;:ceed  $6,000  to  not  to  exceed  $21,600. 

6.  Section  7^  is  furtlier  amended  .by  inserting  suhpai^agraph  k.  as  set  forth  balo',:: 
"k?  The  Salaries  and  Indirect  Cost  and  Overhead  rates  as  set  forth  in  sub- 
paragraphs a.  and  b. ,  respectively,  shall  be  binding  on  the  parties  during  tho  fiscal  y 
conaaencing  July  1,  196^*,  through  Juna  30,  1^65,  r.nd  sold  rates  shall  bo  negotiated  by  t 
parties  for  each  such  fiscal  year  thereto  succeeding.  Salaries  shall  be  adjusted  to  co: 
form  as  nearly  as  possible  to  the  latest  publication  of  the  Stato  Porsonnol  Boai'd*6 
Cooperative  Wage  and  Salary  Sur/ey  in  Los  Angeles  County." 

7.  Subsection  7.d,(l)  is  hereby  deleted  in  its  entirety  and  the  following  subsec- 
tion 7»dXl)  inserted  in  placo  thoroof: 

"Section  7.d.(l).  State  agrees  to  pay  (a)  actual  transportation  costs;  plus 
(b)  $15  per  day  for  all  othor  o:^oncoo,  includins  but  not  linitcd  to  meals  aitd  lodgings 

8.  Section  9  is  amended  to  increase  tho  total  amount  to  be  paid  to  the  Contractor 
firon  not  to  exceed  $^70,000  to  not  to  exceed  $1,1^5»000. 

9.  Section  10  is  hereby  deleted  in  its  entirety  and  tho  folio-.rln3  Section  10  inssr 
ixx  place  thereof: 

"Section  10.  The  Contractor  shall  subindt  tho  final  rcpoi't,  ao   cot  forth  in 
Soction  l.f,  hereof,  to  a  corrasiercial  printing  vendor  or  Contractor's  printin3  facilitio; 
on  or  before  tho  oir:>ix-ation  of  930  days  fro.-a  tho  dato  of  tho  contract  and  all  scrvic-^ 
roqxiired  to  bo  performed  hy  tho  Contractor  shall  bo  cor;plotod  on  or  boforc  lliy  30 »  ^'>^' 
Tho  target  dato  for  subaission  by  Contractor  of  Proliinir^ry  Report  on  Efficiency  ai-.d 
Roliability  Comploto  is  and  shall  bo  January  15 »  19^5  •" 

10*  Except  A3  herein  Amended  all  terms  and  conditions  of  tho  contract  as  previously 
Amended  eholl  oontinuo  in  full  force  And  effect* 
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CHAPTER  I.   INTRODUCTION 

Since  inception  of  work  on  the  California  Aqueduct  Project  in  1950, 
plans  for  effecting  the  required  pumping  lift  at  the  north  slopes  of  the 
Tehachapi  Mountains  have  been  subjected  to  nearly  continuous,  and  progressively 
more  detailed,  reevaluations.   These  reevaluations  were  required  by,  and  have 
kept  pace  with,  the  development  of  more  refined  data  on  construction  materials 
and  methods,  advances  in  design  of  turbo  machinery  and  motors,  more  acc\irate 
identification  of  geologic  conditions  based  on  continuing  geologic  exploration 
programs,  determinations  of  potential  povrer  sources,  updated  projections  of 
power  costs,  studies  of  the  market  for  power,  and  investigations  of  methods 
of  operation. 

In  addition  to  the  Department  of  Water  Resources,  other  agencies 
contributed  importantly  to  this  work,   .anong  these  are  The  Metropolitan  Water 
District  of  Southern  California  which,  by  virtue  of  being  the  largest  con- 
tractor for  CsLlifomia  Aqueduct  Project  water,  maintains  an  eminent  interest 
in  the  Tehachapi  pumping  lift,  and  the  Bechtel  Corporation  of  San  Francisco 
which  has  been  retained  on  separate  occasions  by  both  the  Department  and  the 
Metropolitan  Water  District  to  investigate  the  Tehachapi  pumping  lift. 

During  the  course  of  investigations  on  the  Tehachapi  Pumping  Plant, 
engineering  reports  were  issued  at  frequent  intervals  to  record  progress  thereon. 
The  most  recent  of  these  are  the  Department's  report  of  September  196h,   entitled 
"Technical  and  Economic  Feasibility  of  Single- Lift,  Two- Lift  and  Three- Lift 
Systems,  Tehachapi  Pumping  Plant",  and  the  Bechtel  Corporation's  report  of 
September  I96U,  entitled  "Alternative  Schemes  for  the  Tehachapi  Crossing  of  the 
California  State  Water  Project."  The  Metropolitan  Water  District  of  Southern 
California  sponsored  the  latter  report. 


See  Bibliography  in  ^ippendjjc  A 
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In  the  foregoing  named  Department's  report  of  September  I96U, 
emphasis  was  given  to  alternative  plans  for  effecting  the  Tehachapi  pumping 
lift.  All  of  these  alternatives  were  aligned  on  a  ridge  about  one  mile 
easterly  of  Pastoria  Creek.  This  ridge  was  selected,  primarily,  because  it 
offers  adequate  foundation  rock  and  because  it  provides  the  most  abirupt  rise 
from  the  floor  of  the  San  Joaquin  Valley  at  elevation  1,239  feet  where  the 
p\jmp  lift  commences  to  the  Tehachapi  Crossing  elevation  which  has  been 
established  at  33I65  feet. 

This  report  is  supplemental  to  that  of  September  196^4-  and  expands 
the  stua;v'  area  for  siting  Tehachapi  pumping  lift  facilities  to  include 
Pastoria  Canyon.  The  alternatives  selected  were  those  deemed  most  favorable 
based  upon  the  results  of  prior  studies. 

Objective  and  Scope 

This  report  has  the  objective  of  presenting  the  results  of  a 
reconnaissance  study  on  the  engineering  and  geologic  feasibility  of  two-lift 
systems  located  in  Pastoria  Canyon  and  single-  and  two- lift  systems  located 
on  an  alignment  approximately  one  mile  northeast  of  Pastoria  Canyon,  hereafter| 
called  the  Ridge  alignment .  It  is  not  intended  to  be  a  preliminary  design 
report . 

The  results  of  this  investigation,  together  with  the  results  of 
studies  of  pumping  equipment  conducted  by  Daniel,  Mann,  Johnson  and  MendenhallJ 
consultants  to  the  Department,  will  provide  the  data  necessary  for  detexTniningJ 
the  lift  system  portion  of  the  Tehachapi  Crossing. 

The  reach  of  aqueduct  included  in  the  study  begins  at  the  mouth  of 
Pastoria  Canyon  and  terminates  at  the  north  portal  of  the  Carley  V.  Porter 
Tunnel  in  Beartrap  Canyon  in  the  Tehachapi  Mountains.   Engineering  investigatij 
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including  cost  estimates  on  single-  and  two- lift  systems  superimposed 
on  two  alignments  were  made. 

Geologic  studies,  consisting  of  surficial  geologic  mapping  and 
subsurface  exploration,  were  concentrated  on  features  which  were  part  of 
two-lift  systems.  This  was  done  in  order  to  update  the  knowledge  on  the 
geology  and  foundation  conditions  associated  with  two- lift  systems,  par- 
ticiilarly  the  systems  located  in  Pastoria  Canyon,  to  that  of  the  single- 
lift  systems  on  the  Ridge.  Because  exploration  of  single-lift  systems  is 
under  continuous  investigation  by  the  Department  and  the  data  collected 
are  vol\minous,  it  is  not  within  the  scope  of  this  report  to  present  a  de- 
tailed analysis  of  this  work.  This  report  will,  however,  include  the  re- 
sults of  these  studies. 

A  complete  report  on  the  geologic  investigation  will  be  published 
at  a  later  date. 

Prior  Investigations 

The  first  definitive  report  touching  on  the  Tehachapi  lift  is  the 
State  Water  Resources  Board  report,  "Feasibility  of  Feather  River  Project 
and  Sacramento- San  Joaquin  Delta  Diversion  Projects  Proposed  as  Features  of 
the  California  Water  Plan",  dated  May  1951.   This  report  contemplated  the 
use  of  a  series  of  six  pumping  plants  on  the  alignment  in  Pastoria  Canyon. 

In  1952,  a  more  thorough  investigation  of  the  Tehachapi  Pumping 
Plant  was  initiated,  the  results  of  which  are  summarized  in  the  Division  of 
V/ater  Resources  report,  "Program  for  Financing  and  Constructing  the  Feather 
River  Project  as  an  Initial  Unit  of  the  California  Water  Plan",  dated 
February  1955.  This  report  introduced  the  concept  of  a  single  pumping  plant 
located  in  Pastoria  Canyon. 
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In  1955 J  the  Bechtel  Corporation  was  employed  to  maJce  an  inde- 
pendent review  of  the  State's  1955  report  of  the  water  project.  Its 
report  recommended  that  studies  be  made  of  the  use  of  multiple- stage,  as 
well  as  the  single-stage  pumps  in  series,  for  this  lift. 

Between  1956  and  1959>  further  investigations  were  made  of  this 
portion  of  the  aqueduct  system.  The  results  were  published  in  Department 
of  Water  Resources  Bulletin  No.  78,  "Investigation  of  Alternative  Aqueduct 
Systems  to  Serve  Southern  California",  dated  December  1959-  This  report 
presented  a  single  pumping  plant,  situated  at  the  base  of  a  ridge  one  mile 
east  of  Pastoria  Canyon,  which  accomplished  the  pump  lift  through  steam 
driven  single-stage  pumps  arranged  in  series. 

This  was  the  system  reviewed  by  the  Chas.  T.  Main  Corporation 
which,  in  its  report  of  October  I96O,  entitled  "General  Evaluation  of  the 
Proposed  Program  for  Financing  ajid  Constructing  the  State  Water  Resources 
Development  System  of  the  State  of  California  Department  of  Water  Resources", 
endorsed  in  general  the  State's  engineering  concept. 

After  publication  of  Bulletin  No.  78,  further  studies  were  con- 
ducted to  provide  more  refined  technical  and  economic  comparisons  of  single- 
and  multiple- lift  systems.  The  results  of  these  studies  are  s\ammarized  in 
Department  of  VJater  Resources  report,  "Preliminary  Design  and  EccHiomic 
Evaluation  of  Tehachapi  Single- Lift  and  Multilift  Pumping  Schemes",  dated 
December  I963.   In  this  report,  alternative  alignments  were  considered  that 
were  located  both  in  Pastoria  Canyon  and  on  the  Ridge  as  presented  in 
Bulletin  No.  78. 

In  February  I96U,  studies  of  miiltilift  and  single- lift  systems 
located  on  the  Bulletin  No.  78  Ridge  alignment  were  reinitiated  and  results 
recorded  in  the  Department's  report  of  September  196^>  "Technical  and 
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Economic  Feasibility  of  Sinr^le-Lift ,  Two- Lift,  and  Three-Lift  Systems, 
Tehachapi  Pumping  Plant."  Upon  conclusion  of  work  on  that  report,  the 
work  recorded  herein  was  initiated. 

Concurrently  vrith  the  Department's  work  that  culminated  with 
the  September  1964  report  and  this  report,  the  Bechtel  Corporation  of 
San  Francisco,  iinder  the  sponsorship  of  The  Metropolitan  Water  District 
of  Southern  California,  pursued  separate  paralleling  investigations. 
During  the  course  of  these  investif^ations,  there  was  free  exchange  of 
data  between  Bechtel  and  the  Department.   The  Bechtel  Corporation's  re- 
port of  September  1964  records  progress  on  its  investigation  to  that 
date.   Bechtel  plans  to  complete  a  report  on  its  subsequent  investigations 
early  in  May  196^. 

Alternatives  Included  in  Report 

In  all,  six  lift  systems  were  investigated  and  are  included  in 
this  report.  They  consist  of  two  single- lift  systems,  and  four  two- lift 
systems.  These  systems  are  superimposed  on  two  general  alignments  with 
one,  a  two- lift  system,  combining  the  two  alignments.  Economic  compeirisons 
and  geologic  investigations  were  conducted  on  the  six  alternatives. 

System  1,  called  the  Pastoria  Two  Equal  Lift,  is  located  en- 
tirely along  Pastoria  Cajiyon.   A  dam  and  reservoir  at  the  second  lift  is 
located  at  an  elevation  which  provides  equal  static  lifts.   System  2,  the 
Pastoria  Two  Lift,  is  also  located  entirely  along  Pastoria  Canyon.  A  dam 
and  reservoir  at  the  second  lift  is  upstream  (at  a  higher  elevation  in  the 
canyon)  of  that  in  System  1,  thus  providing  unequsLL  lifts.   System  3> 
Ridge- Pastoria  Two  Lift,  combines  the  two  alignments  and  locates  the  first 
lift  on  the  Ridge  and  the  second  lift  at  the  same  site  as  System  2. 
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System  k,   Ridge  Two  Equal  Lift,  is  located  entirely  along  the  Ridge 
alignment  with  an  off-line  dam  and  reservoir  at  the  second  lift  in  the 
small  cajiyon  to  the  east  of  the  Ridge.   Systems  5  and  6,  Ridge  Single 
Lift  with  Underground  and  Surface  Discharge  Lines,  respectively,  are 
located  along  the  Ridge  alignment. 

Exploration  of  the  features  of  the  alternative  systems  as  of 
April  23,  1965,  consisted  of  2'J>   dozer  trenches,  17  diamond  drill  holes, 
12  bucket  auger  holes,  and  a  comprehensive  geophysical  exploration 
program.  The  alternative  damsites  and  the  plant  sites  were  studied  in 
considerable  detail,  while  the  remaining  features  of  the  systems  were 
investigated  largely  by  surficial  exploration.  Exploration  of  potential 
borrow  areas  began  on  April  26,  I965;  however,  the  information  obtained 
was  not  avciilable  at  the  time  of  this  writing. 

The  location  and  description  of  exploration  with  respect  to 
various  features  of  the  systems  are  presented  in  tabular  form  as  follows: 
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I eature 

Station  A  Pumping  Plant, 
Systems  1  and  2 


Equal  Lift  Dansite 
System  1 


Diamond 
Drill  Holes 

PP-  1  12U.7  ft, 
PP-  2  109.3  ft. 
PP-   3        200.2  ft. 


Total 

i^3'+.2 

ft 

DDH-  1 

81.0 

ft 

DDH-  2 

151.2 

ft 

DDH-  k 

2UU.5 

ft 

DDH-  5 

107.3 

ft 

DDH-  6 

85.0 

ft 

DDK-11 

130.0 

ft 

DDH- 12 

96.0 

ft 

DDH-13 

20.0 

ft 

DDH-lU 

20.0 

ft 

I'renches         Other 

3      1  bucket  auger  hole 
7  seismic  lines 

Magnetometer 
exploration 


2  access  roads 
6  seismic  lines 


(still  in  progress) 
(still  in  progress) 


Unequal  Lift  Damsite 


Total  935.0  ft.  plus 

DDH-  3  80.5  ft, 
DDH-  7  98.0  ft. 
DDH-  9   75.5  ft. 

Total  25^.0  ft. 


Station  B  Pumping  Plant,   DDH-  8  I8O.O  ft. 


3  seismic  lines 


2      1  seismic  line 


System  1 

DDH- 10 
Total 

130.0  ft. 
310.0  ft. 

Station  B  Pumping  Plant, 
Systems  2  and  3 

None 

1 

None 

Off-Line  Damsite, 
System  ^4- 

DH-  1 
DH-  2 

131.0  ft. 
lUO.O  ft. 

2 

ilone 

Station  B  Pumping  Plant, 
System  h 


Total   271.0  ft, 
DH-65  1^+20.0  ft. 


2      1  access  road 


Total  footage,  diamond  drill 

(not  including  DH-65)      January 


April  1965   2,20U.02  ft. 
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CHAPTER  II.   CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 


As  a  result  of  the  investigations  of  the  six  alternative  systems 
for  the  Tehachapi  lift  reported  herein,  the  following  conclusions  are  drawn: 

1.  The  total  estimated  present  worth  of  all  costs,  both  capital 
and  annual,  of  five  of  the  six  systems  studied  appear  to  be  essentially 
equal.   The  remaining  system  studied  (System  3>  Ridge-Pastoria  Two-Lift) 
is  significantly  higher  in  cost. 

2.  Geologic  investigations  of  the  proposed  damsites  in  Pastoria 
Canyon  and  System  1  (Pastoria  Two-Equal  Lift)  Station  B  pun5)ing  plant  site 
have  revealed  serious  foundation  defects  which  make  it  imprudent  to  construct 
a  lift  system  in  this  canyon.   In  addition,  the  steep  topography  and  the 
presence  of  existing  slides  in  Pastoria  Canyon  indicate  that  landslides 

or  rock  falls,  generated  by  seismic  activity,  could  block  any  reservoirs 
and  render  them  useless  as  well  as  damage  or  destroy  pumping  plants,  dis- 
charge lines  or  other  facilities  located  in  Pastoria  Canyon. 

3-   Engineering  and  geologic  investigations  of  the  features  of 
the  lift  systems  located  entirely  along  the  Ridge  alignment  verify  the 
feasibility  and  reliability  of  such  systems. 

k.      A  high  degree  of  risk  would  be  involved  in  the  construction 
of  a  conveyance  system  in  Pastoria  Canyon  due  to  the  existence  of  extremely 
poor  geologic  conditions  and  steep  topography  in  this  area  of  high  seismic 
potential.   A  conveyance  system  constructed  along  the  Ridge  alignment  would 
have  a  much  lower  degree  of  risk  because  of  good  foundation  conditions  and 
a  minimum  exposure  to  landslides  and  rock  falls  in  this  same  area  of  high 
seismic  potential. 


RECOMMENDATIONS 
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In  view  of  the  foregoing  conclusions  and  the  conclusions  in 
the  report  of  Daniel,  Mann,  Johnson,  and  Mendenhall  entitled  "Tehachapi 
Pumping  Facility,  California  State  Water  Project,  Research  and  Development 
Program",  dated  April  I965,  the  following  recommendations  are  made: 

1.  Abandon  any  further  consideration  of  pump  lift  schemes 
involving  construction  of  facilities  partially  or  entirely  in  the  Pastoria 
Canyon. 

2.  Proceed  immediately  with  design  of  a  system  along  the  Ridge 
Route  (System  U,  Ridge  Two-Lift,  System  5,  Ridge  Single-Lift  with  Underground 
Penstocks,  or  System  6,  Ridge  Single-Lift  with  Surface  Penstocks). 

3.  Decide  upon  either  surface  or  underground  penstocks  as  a 
result  of  early  design  studies,  giving  due  weight  to  the  recommendations 
of  the  Consulting  Board  for  Earthquake  Analysis. 

k.     Complete  the  investigation  of  the  damsite  to  be  utilized 
for  System  k. 
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CHAPTER  III.   CONDUCT  OF  STUDIES 

Criteria  and  Guidelines 
The  engineering  evaluation  of  the  alternative  systems  was  made 
with  respect  to  the  criteria  as  given  in  the  following  paragraphs,  and  on 
the  basis  of  the  specific  features  discussed  in  suhsequent  sections  of 
this  chapter. 


Operational  Scheme 

The  lift  system  is  to  he  operated  initially  using  offpeak  power 
until  all  pumping  units  are  installed,  after  which  it  will  phase  into 
continuous  operation.  The  ultimate  continuous  discharge  is  2,59^,900 
acre-feet  per  year,  or  a  continuous  flow  of  ^,093  cubic  feet  per  second. 

The  delivery  discharge  buildup  and  corresponding  staging  of  pun?) 
installation  which  was  used  for  this  report  is  as  follows: 


Total 

delivery 

Total 

Number  of 

Number  of 

requirements 

delivery 

installed 

installed 

in  thousands 

requirements 

units 

units 

Year 

of  acre-feet* 
390.7 

in  cf5* 

single  lift 
6 

two  lift 

1971 

818 

k 

72 

711.2 

1,295 

9 

6 

73 

973.7 

1,685 

12 

7 

TU 

967.7 

1,676 

12 

7 

75 

890.2 

1,561 

12 

7 

76 

1,019.6 

1,753 

12 

7 

77 

1,132.3 

1,920 

Ik 

8 

78 

1,260.5 

2,111 

79 

1,381.3 

2,290 

80 

1,501.3 

2,k68 

81 

1,623.6 

2,650 

82 

1,7^+3.3 

2,828 

83 

l,86U.O 

3,007 

&k 

1,982.7 

3,183 

85 

2,102.1 

3,360 

86 

2,225.3 

3,51^3 

87 

2,352.9 

3,733 

88 

2,U8l.8 

3,925 

89 

2,560.3 

i+,0U2 

90 

2,588.1 

1^,083 

91 

2,59^^.9 

4,093 
ing  from  1971  to 

197^ 

♦Includes 

reservoir  fill] 
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This  discharge  buildup  corresponds  to  the  Department's  contractual 
obligations  for  delivery  of  project  water.  Earlier  studies  of  the  Tehachapi 
Lift  were  based  on  estimated  discharge  of  5*000  cubic  feet  per  second,  which 
represented  a  necessarily  conservative  estimate  made  prior  to  the  completion 
of  project  water  contract  negotiations. 


Power  and  Energy  Rates 

The  rates  are  in  accordance  with  the  Power  Schedule  No.  3A  as 
given  in  Table  III-l. 

Maximum  Size  and  Type  of  Puii^)ing  Unit 

A  maximum  unit  size  of  75>000  horsepower  was  used  in  determining 
the  numiber  of  units  for  each  system.  The  number  of  units  selected  on  the 
basis  of  this  limitation  is  1^+  units  for  the  single-lift  systems  and  8  units 
per  plant  for  the  two- lift  systems.  The  type  of  pump  used  is:  a  four-stage, 
single  suction  pxinp  for  the  single-lift  systems,  and  a  two-stage,  double 
flow  pun^)  for  the  two-lift  systems. 
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System  Storage 

A   forebay  is  provided  at  the  intake  of  the  first  station  of  all 
systems.  This  forebay  has  a  capacity  of  3^0  acre-feet  which  is  the  volume 
necessary  to  supply  the  plant  at  a  sustained  rate  of  ^,093  cubic  feet  per 
second  for  a  period  of  30  minutes,  plus  the  volxime  required  to  impound 
inflow  for  30  minutes  at  the  same  rate. 

For  the  two-lift  systems,  a  reservoir  with  a  usable  capacity  of 
170  acre-feet  is  provided  at  the  intake  to  the  second  lift. 
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TABUB 

III-l 

POWER  SCHEDULE  NO 

.  3A 

: Capacity* 

:    Energy** 

:      Energy 

: Capacity* 

:   Energy** 

Energy 

Year 

: continuous 

: continuous 

:    offpeak 

Year 

rcontinucus 

: continuous 

offpeak 

:   $/Wyr 

•mills/kwh 

:  mills/ kvfh 

:   $/Wyr 

: mills/kwh 

mills/k^ 

1971 

17.50 

2.ijO 

2.60 

1992 

15.70 

1.50 

1.60 

72 

17.50 

2.30 

2.50 

93 

15.30 

1.48 

1.56 

73 

17.10 

2.26 

2.h6 

94 

15.30 

1.46 

1.52 

7U 

17.10 

2.22 

2.1*2 

95 

15.30 

1.44 

1.48 

75 

17.10 

2.18 

2.38 

96 

15.30 

1.42 

1.44 

76 

17.10 

2.14 

2.34 

97 

15.30 

1.40 

1.40 

77 

17.10 

2.10 

2.30 

98 

14.30 

1.38 

1.38 

78 

16.90 

2.0I+ 

2.24 

99 

14.30 

1.36 

1.36 

79 

16.90 

1.96 

2.18 

2000 

14.30 

1.3i* 

1.3i^ 

80 

16.90 

1.92 

2.12 

01 

14.30 

1.32 

1.32 

81 

16.90 

1.86 

2.06 

02 

14.30 

1.30 

1.30 

82 

16.90 

1.80 

2.00 

03 

13.90 

1.30 

1.28 

83 

I6.IK) 

1.76 

1.96 

04 

13.90 

1.30 

1.26 

Qk 

16.  UO 

1.72 

1.92 

05 

13.90 

1.30 

1.24 

85 

16. 1^0 

1.68 

1.88 

06 

13.90 

1.30 

1.22 

86 

16. lU) 

1.64 

1.84 

07 

13.90 

1.30 

1.2a 

87 

16.1+0 

1.60 

1.80 

88 

15.70 

1.58 

1.76 

89 

15.70 

1.56 

1.72 

90 

15.70 

1.51* 

1.68 

No 

Dffpeak  Capacity  Cost 

91 

15.70 

1.52 

1.64 

Transmission  Charge  $753, 000/ yr 

*Based  on  maximum  demand  of  year. 
♦*For  all  energy  up  to  kw  x  8,760. 
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Description  of  Engineering  Features 
During  the  course  of  these  studies,  six  systems  for  the  con- 
veyance of  water  from  a  point  northwest  of  the  mouth  of  Pastoria  Canyon 
to  the  north  portal  of  the  Carley  V.  Porter  Tunnel  were  investigated,  and 
are  presented  here  for  comparison. 

System  1,  Pastoria  Two-Equal  Lift,  which  is  shown  on  Plate  3> 
begins  at  the  upstream  common  point,  located  northwest  of  the  mouth  of 
Pastoria  Canyon.  The  aqueduct  flow  is  conveyed  by  a  siphon  and  open  canal, 
for  a  total  length  of  3j  500  feet,  to  the  first  pumping  plant  with  an  intake 
water  surface  elevation  of  1,239  feet.  This  plant,  containing  eight  units, 
is  located  in  the  mouth  of  Pastoria  Canyon  and  has  a  forebay  at  the  intake. 
A   manifold  connects  the  eight  units  with  two  surface  discharge  lines,  each 
U,250  feet  long  and  13  feet  in  diameter.  These  lines  rise  southeasterly 
along  the  ridge  and  convey  the  water  to  a  combination  gatehouse  and  surge 
tank  located  at  a  tunnel  portal.  This  tunnel,  23.5  feet  in  diameter,  runs 
southeasterly  for  a  length  of  10,225  feet,  discharging  into  a  reservoir  in 
Pastoria  Canyon.  The  location  of  this  reservoir  is  such  that  the  static 
head  at  each  plant  is  equal,  which  results  in  an  operating  water  surface 
elevation  at  the  reservoir  of  2,195  feet.  A  second  pumping  plant,  also 
containing  eight  units,  is  located  on  the  west  side  of  the  Pastoria  Canyon 
adjacent  to  the  reservoir.  A  manifold  connects  the  eight  units  with  two 
discharge  lines,  each  1,620  feet  long  and  13.5  feet  in  diameter.  These 
lines  rise  in  a  southerly  direction  to  convey  the  water  to  a  combination 
gatehouse  and  surge  tank  at  a  tunnel  portal.  A  combination  of  two  tunnels, 
each  23.5  feet  in  diameter,  and  two  siphons,  in  series,  connect  the  surge 
tank  to  the  north  portal  of  the  Carley  V.  Porter  Tixnnel,  the  downstream 
common  point  of  all  systems.  The  hydraulic  grade  line  elevation  at  this 
point  is  3,150. 
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System  2,  Pastoria  Two  Lift,  as  shown  on  Plate  k,    is   identical 
to  System  1  from  the  upstream  common  point  to  Station  A  puii5)ing  plant. 
From  this  plant,  two  discharge  lines,  each  i4-,l60  feet  long  and  13  feet 
in  diameter,  rise  along  a  ridge  in  a  southeasterly  direction  and  convey 
the  water  to  a  combination  gatehouse  and  surge  tank  at  a  tunnel  portal. 
This  tunnel,  23.5  feet  in  diameter,  is  aligned  southeasterly  for  a  distance 
of  12,336  feet,  and  discharges  into  a  reservoir  in  Pastoria  Canyon.  This 
reservoir  is  higher  than  the  reservoir  in  the  equal  lift  system,  thereby 
providing  unequal  lifts.  The  operating  water  surface  elevation  of  the 
reservoir  is  2,320  feet.  A  second  pumping  plant  with  eight  units  is  located 
on  the  south  side  of  and  adjacent  to  the  reservoir.  A  manifold  connects 
the  eight  units  with  two  discharge  lines,  each  2,l85  feet  long  and  13-5 
feet  in  diameter.  These  lines  rise  along  a  ridge  in  a  southeasterly 
direction,  conveying  the  water  to  a  combination  gatehouse  and  surge  tank. 
The  surge  tank  is  then  connected  to  a  tiinnel  portal  by  9OO  feet  of  23. 5- foot 
diameter  cast-in-place  pipe.  The  tunnel,  23.5  feet  in  diameter,  then  trends 
southeasterly  for  a  length  of  7^125  feet,  to  a  siphon  which  is  23*5  feet 
in  diameter  and  152  feet  long.  This  siphon  then  connects  to  the  north 
portal  of  the  Carley  V.  Porter  Txinnel. 

System  3;  Ridge-Pastoria  Two  Lift,  is  shown  on  Plate  5-  Beginning 
at  the  upstream  common  point,  the  aqueduct  flow  is  conveyed  by  a  siphon 
easterly  across  Pastoria  Creek  and  then  by  open  canal  northeasterly  for  a 
total  length  of  7,^+^0  feet  to  the  station  A  pun^iing  plant.  This  pumping 
plant,  which  contains  eight  units,  is  located  approximately  1  mile  northeast 
of  Pastoria  Canyon.  The  normal  water  surface  elevation  in  the  canal  at  the 
intake  is  1,239  feet.  An  off-line  forebay  is  located  at  the  intake  to  the 
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plant.  A  manifold  connects  the  eight  units  to  two  discharge  lines,  each 
^^-,170  feet  long  and  13-5  feet  in  diameter.  These  lines  rise  southeasterly 
along  the  ridge  conveying  the  water  to  a  combination  gatehouse  and  surge 
tank  at  a  tionnel  portal.  This  tunnel,  23.5  feet  in  diameter,  runs  south- 
easterly for  a  length  of  13,065  feet,  discharging  into  the  reservoir  in 
Pastoria  Creek  identical  to  that  in  the  Pastoria  Two  Lift  System.  From  this 
reservoir,  water  is  conveyed  to  the  downstream  common  point  at  the  Carley  V. 
Porter  Tunnel  by  the  same  system  as  described  for  the  Pastoria  Two  Lift  System, 

System  k,   Ridge  Two-Equal  Lift,  is  shown  on  Plate  6.  The  approach 
conveyance  from  the  upstream  common  point  to  Station  A   pungjing  plant  is 
identical  to  that  described  in  the  Ridge-Pastoria  Two  Lift.  From  the  plant, 
a  manifold  connects  the  eight  pun^jing  xinits  with  two  discharge  lines,  each 
3,670  feet  long,  and  I3.5  feet  in  diameter.  The  lines  rise  southeasterly 
along  the  ridge  to  a  combination  gatehouse  and  surge  tank  located  at  the 
intake  to  Station  B.  An  off-line  reservoir  is  located  in  the  canyon  approxi- 
mately 2,000  feet  to  the  east  of  the  pun?)ing  plant  and  is  joined  to  the  surge 
tank  by  a  tunnel,  25  feet  in  diameter,  and  1,950  feet  in  length.  An  intake 
manifold  connects  the  surge  tank  to  the  eight  units  in  the  pun5)ing  plant. 
From  the  pun5)ing  plant,  a  discharge  manifold  connects  the  units  to  two 
discharge  lines,  each  ii-,  3U0  feet  in  length,  and  13.5  feet  in  diameter.  These 
lines  rise  in  a  southeasterly  direction  to  a  combination  gatehouse  and  surge 
tank  located  at  the  north  portal  of  a  tunnel.  The  flow  is  then  conveyed 
through  a  series  of  tunnels,  23*5  feet  in  diameter,  and  siphons  for  a  dis- 
tance of  19,352  feet,  in  a  southeasterly  direction,  to  the  north  portal 
of  the  Carley  V.  Porter  Tunnel. 
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System  5^  Ridge  Single  Lift  Underground,  is  shown  on  Plate  7- 
From  the  common  point  in  Pastoria  Canyon,  the  approach  conveyance  facilities 
are  identical  to  Ridge-Pastoria  Two  Lift.  The  pun?)ing  plant  at  the  base 
of  the  ridge  contains  Ik  units.  A  manifold  connects  the  1^+  units  with  two 
discharge  tunnels,  7^20  feet  long  and  12  feet  in  diameter.  The  tunnels 
rise  in  two  steps  in  a  southeasterly  direction  and  join  to  two  surface 
pipelines,  each  12  feet  in  diameter  and  8 50  feet  long,  which  terminate  at 
a  gatehouse  and  surge  tank  at  a  tunnel  portal.  The  flow  is  then  conveyed 
through  the  same  series  of  t\innels  and  siphons  as  that  in  the  Ridge  Two-Equal 
Lift  System,  which  terminate  at  the  north  portal  of  the  Carley  V.  Porter 
Tunnel. 

System  6,  Ridge  Single  Lift  Surface,  is  shown  on  Plate  8.  This 
system  is  identical  to  the  Ridge  Single  Lift  Underground  except  the  dis- 
charge lines  are  entirely  on  the  gro\ind  surface.  The  discharge  lines  are 
12.5  feet  in  diameter  and  7,950  feet  long.  To  eliminate  downsurge  problems, 
the  surge  tank  is  located  approximately  1,000  feet  up-aqueduct  from  the 
tunnel  portal. 

Table  III-2,  page  III-8  lists  the  pertinent  engineering  data  on 
the  features  of  all  the  systems. 
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TABLE  III-2 
PERTINENT  ENGINEERING  DATA 


I 


SYSTEM  NUMBER - 


Number  of  Lifts 

Route 

First  Lift 
Second  Lift 

Design  Discharge  ;   cfs 

Forebay 

Maximum  Operating  W.S.El.;  ft 
Normal  Operating  W.S.El.;  ft 
Minimum  Operating  W.S.El.;  ft 
Surface  Area  -  Max.  0. W.S.El.;  acr 
Storage  Capacity;  af 

Pumping  Plant  No.  1 
Number  of  Units 
Type  of  Pump 
Capacity  Per  Unit;  cfs 
Speed;  rpm 
Horsepower  Per  Unit 
n  -  Specific  Speed 
Z  -  Submergence  (Norm.  Flow);  ft 

*  Z^  -  Submergence  (Min.  Flow);  ft 
Expected  Efficiency  (B.E.P. );  % 

Pumping  Plant  No.  2 
Number  of  Units 
Type  of  Pump 
Capacity  Per  Unit;  cfs 
Speed;  rpm 
Horsepower  Per  Unit 
Ng  -  Specific  Speed 
Z  -  Submergence  (Worm.  Flow);  ft 

*  Zpif  -  Submergence  (Min.  Flow);  ft 
Ebrpected  Efficiency  (B.E.P.  );  $ 

Discharge  Lines  Lift  No.  1 
TVpe 

r.'umber  of  Pipes 
Pipe  Diameter;  ft 
Maximum  Steel  Thickness;  in. 

A  -  517 

A  -  It'H 
Length;  ft 

Discharge  Lii:es  Lift  I:o.  2 

Type 

Number  of  Pipes 

Pipe  Diameter;  ft 

Maximum  Steel  Thickness;  in. 

A  -  517 

A  -  kh\ 
Length;  ft 


2- Equal 


2- Equal 


Pastoria 

Pastoria 

Ridge 

Ridge 

Ridge 

Ridge 

Pastoria 

Pastoria 

Pastoria 

Ridge 

- 

- 

1^,093 

"^,093 

It,  093 

It,  093 

1*,093 

It,  093 

1,239 

1,239 

1,239 

1,239 

1,239 

1,239 

l,23it 

l,23'^ 

1,23't 

l,23'i 

l,23lt 

l,23it 

1,229 

1,229 

1,229 

1,229 

1,229 

1,229 

35 

35 

38.1* 

38.lt 

38.it 

38.lt 

1*50 

1+50 

372 

372 

372 

372 

8 

8 

8 

8 

11+ 

11* 

2- Stage  DF 

2- Stage   DF 

2- Stage  DF 

2- Stage   DF 

U- stage  SS 

It- Stage   SS 

511.6 

511.6 

511.6 

511.6 

292. 1* 

292.1+ 

600 

600 

600 

600 

600 

600 

62,700 

71,120 

70,600 

62, 300 

72,200 

71,900 

1,930 

1,760 

1,770 

l,9ltO 

2,070 

2,080 

58 

57 

57 

57 

65 

66 

62 

61 

61 

61 

71 

71 

92.10 


2- stage  DF 
511.6 
600 
62,000 
1,950 
57 
69 
92.12 


Surface 
2 
13.0 

1 

It,  250 

Surface 
2 
13.5 

1 

1,620 


-Stage   DF 
511.6 
511t 
5lt,200 
1,050 
1*1 
56 
91.85 


Surface 
2 
13.0 

lir 
1*,610 

Surface 
2 
13.5 

S/it 

2,185 


91.72 


2- Stage   DF 
511.6 
Sll* 
5^,  200 
1,850 
1+1 
56 
91.85 

Surface 
2 
13.5 


It,  170 


92.11 


-Stage   DF 
511.6 
600 
62,300 
1,91+0 
57 
75 
92.11 


Surface 
2 
13.5 


91.10 


3,670 


Surface  Surface 

2  2 

13.5  13.5 

3/lt  1 

2,185  It,  330 


Surf  .ScUndgrd.    Surface 
2  2 

12.0  12.5 


2  13/16 
8,270 


7,950 


SYSTEM   NUMBER  t 


Tunnels 
I.'uinber 
Diameter;    ft 
Total  Length;    ft 

Siphons 
I'umber 
Total   Length;    ft 

Reservoir 

>!aximura  Operating  W.S.El.;    ft 

ilormal   Operating  W.S.El.;    ft 

Minimum  Operatinc   W.S.El.;    ft 

Active  Storage;   af 

Type  of  Dam 

Kaximum  Height  of  Dam;  ft 

Length  of  Dam;  ft 

Total  Volume  of  Jlnbankment;  cy 

Volume  of  Impervious  Fill;  cy 

Spillway  Type 

Spillway  Capacity;  cfs 

Hydraulic  Data 
First  Lift 

H.O.L,  Bl.  at  D.S.  End  of  Lift;  ft 
H.G.L.  El.  at  Plant  Intake;  ft 
Difference  in  Elevation;  ft 
Total  Head  Loss  for  Lift;  ft 
Dynamic  Head  for  Lift;  ft 

Second  Lift 

H.G.L.  El.  at  D.S.  End  of  Lift;  ft 
H.G.L.  El.  at  Plant  Intake;  ft 
Difference  in  Elevation;  ft 
Total  Head  Loss  for  Lift;  ft 
Dynamic  Head  for  Lift;  ft 

Total  Head  Loss  for  System;  ft 
Total  dynamic  Head  of  System;  ft 


3 

2 

2 

3 

3 

3 

23.5 

23.5 

23.5 

23.5 

23.5 

23.5 

18,U65 

l9,i'6l 

20, 190 

16,803 

16,803 

16,803 

2 

2 

2 

3 

3 

3 

3,930 

1,052 

1,052 

2,593 

2,593 

2,593 

2,200 

2,328 

2,328 

2,217 

2,195 

2,320 

2,320 

2,201* 

2,190 

2,310 

2,310 

2,187 

170 

170 

170 

170 

Earthfill 

Earthfill 

Earthfill 

Earthfill 

122 

120 

120 

167 

660 

580 

580 

660 

,1^1,000 

825,000 

825,000 

922, 000 

320,000 

267,000 

267,000 

226,000 

Glory 

Glory 

Glory 

Glory 

7,300 

6,700 

6,700 

It,  100 

2,195 

2,320 

2,320 

2,20l*.l 

3,150 

3,150 

1,239 

1,239 

1,239 

1,239 

1,239 

1,239 

956 

1,081 

1,081 

965.1 

1,911 

1,911 

39."* 

1*2.5 

31*. 8 

23.0 

72.2 

63.5 

995.'* 

1,123.5 

1,115.8 

988.1 

1,983.2 

1,971*.  5 

3,150 

3,150 

3,150 

3,150 

2,195 

2,320 

2,320 

2,20l*.l 

955 

830 

830 

91*5.9 

28.6 

27. 1* 

27."* 

1*2.2 

983.6 

857.'* 

857.1* 

988.1 

68.0 

69.9 

62.2 

65.2 

72.2 

63.5 

1,979.0 

1,980.9 

1,973.2 

1,9T6.2 

1,983.2 

1,971*. 5 

T   System  1  Pastoria  Two-Eq.ual  Lift 

System  2  Pastoria  Two  Lift 

System  3  Rldge-Pastoria  Two  Lift 

System  1*  Ridge  Two- Equal  Lift 

System  5  Ridge  Single  Lift  with  Underground  DlBCharge  Lines 

System  6  Ridge  Single  Lift  with  Surface  Discharge  Lines 

*   "Bils  value  used  for  cost  estimating  purposes. 

1.  Submergence  Is  measured  from  Mormal  Operating  Water  Surface  of 
the  pump  Intake  to  g  of: 

A  The  upper  first  steige  Impeller  of  the  2-Stage  DF 

Pumps. 
B  The  impeller  of  the  first  stage  of  the  U-Stage  SS 

Pumps. 

2.  Mannings  "n"  of  0.012  was  used  in  the  hydraulic  computations 
for  steel  discharge  lines. 

3.  Mannings  "n"  of  O.Oll*  was  used  in  the  hydraulic  computations 
for  concrete  lined  tunnels. 
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Geology 
•  A  detailed  description  of  the  results  of  the  geologic  exploration 
associated  with  the  two-lift  systems  is  given  in  the  following  paragraphs. 
In  addition,  a  summary  report  of  the  continuing  exploration  along  the  Ridge 
alignment  is  given  in  succeeding  paragraphs. 


Pastoria  Canyon  Alignments 


I 


I 


Forebay.  The  forebay  site  is  located  at  the  edge  of  the  San  Joaquin 
Valley  on  the  east  side  of  the  mouth  of  Pastoria  Canyon.  The  bulk  of  the 
forebay  excavation  will  be  in  recent  alluvixim  with  minor  portions  in  the 
Tertiary  volcanics  and  Tecuya  formation. 

The  alluvixim  consists  of  unconsolidated  gravelly  sand  with  large 
boulders  up  to  three  feet  in  diameter.  The  alluvium  reaches  a  maximum  depth 
of  85  feet  in  the  forebay  area.  A  major  part  of  the  reservoir  floor  will  be 
in  this  unit   (See  Plate  No.  19)-  The  depth  to  water  was  estimated  to  be 
65  feet,  which  was  determined  from  drilling  at  the  pun^jing  plant  site. 

Preliminary  soil  test  data  based  on  a  single  bucket  auger  hole 
indicate  that  the  alluviiim  will  be  at  least  semipervious,  and  a  lining  for 
the  reservoir  will  be  required. 

Tertiary  volcanics  consist  of  extensively  fractured  and  locally 
brecciated  flows,  and  will  also  require  a  lining  to  prevent  excessive  seepage 
losses.  The  sandstone  and  conglomerate  of  the  Tecuya  formation  appear  to 
be  relatively  iispervious;  however,  testing  of  this  material  is  required  to 
determine  its  permeability  characteristics. 

The  entire  forebay  excavation  will  be  accomplished  by  common  exca 
vation  methods.  The  presence  of  large  boulders  in  the  alluvixim  will  require 
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the  use  of  draglines  or  shovels  for  the  major  part  of  the  excavation. 
Volcanics  and  units  of  the  Tecuya  formation  will  require  ripping  prior  to 
removal. 

Slopes  of  2:1  with  benches  at  UO-foot  intervals,  are  recommended 
for  the  forebay  excavation. 

Station  A  Pumping  Plant.   Station  A  Pun^^ing  Plant  will  require  an 
excavation  to  a  depth  of  approximately  I50  feet.   The  site  is  underlain  by 
deep,  unconsolidated  alluvium  which  overlies  poorly  consolidated  sandstone 
and  conglomerate  of  the  Tecuya  formation.   The  site  was  explored  by  three 
diamond  drill  holes  and  an  extensive  geophysical  survey.   The  alluvium 
reaches  a  maximum  known  depth  of  6U  feet  and  an  interpreted  depth  of  85  feet 
near  the  northwest  edge  of  the  excavation.  The  foundation  of  the  punning 
plant  will  rest  entirely  on  sandstone  and  conglomerate  of  Tecuya  formation. 
The  Tecuya  strata  have  a  strike  of  N25E,  and  an  average  NW  dip  of  25  to  35 
degrees,  as  interpreted  from  outcrop  and  drill  hole  data.   The  bedding  is 
dipping  into  the  deepest  part  of  the  excavation  and  could  create  a  potential 
slide  hazard  on  the  south  face  of  the  plant  excavation.   The  Tecuya  units 
are  generally  light  grey  to  greenish  in  color  and  range  from  coarse  arkosic 
sandstone  to  conglomerate  containing  well  rounded  pebbles.   All  units  are 
overall  very  poorly  cemented  and  appear  to  weaken  considerably  when  saturated. 
Samples  obtained  from  drill  holes  below  the  water  table  were  very  weak 
(can  be  broken  with  slight  finger  pressure),  while  similar  material  in  near 
surface  trenches  was  hard  enough  to  require  ripping.  The  cementing  matrix 
is  generally  nonplastic  and  consists  of  fine  sand  and  silt  with  very  little 
clay.   Occasional  hard  interbeds  containing  caliche  and  thin  clay  seams 
were  cored,  but  are  generally  very  thin  and  unimportant.  Traces  of  possible 
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clayey  gouge  and  several  sllckensided  surfaces  were  found  in  drill  hole 
PP-2.  These  shear  zones  appear  to  be  less  than  one  foot  wide  emd  are  not 
e3q)ected  to  influence  the  stability  of  the  excavation  or  the  foundation 
of  the  plant.  No  major  faults  were  observed  in  the  exploration  for  the 
pumping  plant.  M 

The  water  table  measured  during  this  investigation  is  about  60 
feet  below  the  ground  surface  so  that  at  least  90  teet   of  the  excavation 
will  be  in  saturated  material.  Ground  water  inflows  in  the  alluvium  can 
be  effectively  controlled  by  peripheral  wells  or  well  points;  however,  the 
Tecuya  formation  appears  to  be  too  impervious  for  these  methods  to  be  effective 

Cut  slope  estimates  are  based  on  surficial  and  drill  core  obser- 
vations. Near  the  proposed  piin?)ing  plant,  natural  slopes  underlain  by  Tecuya  \ 

I 

I 

formation  are  generally  quite  stable  if  the  angle  of  the  dip  of  the  strata    | 

i 
35  degrees  is  not  exceeded.  Locally,  where  the  hillsides  have  been  undercut  \ 

beyond  the  dip  angle,  some  minor  sliding  has  been  observed.  Slopes  trending  j 

i 
normal  to  the  prevalent  dip  are  generally  steeper  and  more  stable.  The 

orientation  of  the  puiiping  plant  is  such  that  its  long  dimension  nearly 

parallels  the  strike.  The  most  hazardous  potential  sliding  conditions  exist 

at  the  southern  end  of  the  excavation  where  the  strata  are  dipping  directly 

into  the  cut.  The  recommended  slope  for  the  southern  wall  of  the  excavation 

is  2:1  in  the  Tecuya  sediments.  The  remainder  of  the  excavation  slopes 

should  be  stable  on  1-1/2:1  with  berms  every  ll-O  feet. 

Station  A  Discharge  Lines.  The  discharge  lines  from  the  puiii)ing 
plant  at  Station  A  to  the  portal  of  the  tunnel  will  be  located  on  the 
surface  and  will  be  foiuaded  on  Tecuya  sediments,  Tejon  sandstone,  and 
gneissic  diorite.  The  lower  1,^50  feet  of  the  discharge  lines  will  be 
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founded  on  deeply  weathered  Tecuya  sandstone  and  conglomerate.  The  sedi- 
ments are  overlain  by  five  to  seven  feet  of  clayey  soil  which  deepens  to 
about  10  feet  at  the  base  of  the  slope.   The  weathered  zone  is  approxi- 
mately 10  feet  deep  and  is  characterized  by  numerous  lenses  and  seams  of 
caliche.   In  the  trench  excavated  at  the  base  of  the  slope,  the  weathered 
sediments  were  moderately  hard  and  required  some  light  ripping. 

About  800  feet  of  discharge  lines  will  be  on  Tejon  sandstone. 
This  rock  unit  is  very  deeply  weathered  and  decomposed  to  a  depth  of  at 
least  30  feet.  However,  even  in  a  weathered  state,  this  rock  appears  to 
be  quite  stable  as  evidenced  by  steep  slopes  and  the  absence  of  slides  in 
the  area  investigated.  The  Tejon  sandstone  is  in  a  fault  or  sheared  con- 
tact with  the  underlying  gneissic  diorite.  The  contact  lies  in  a  saddle 
at  a  point  where  the  discharge  lines  make  a  change  in  direction. 

The  remaining  discharge  lines  will  rest  on  weathered  gneissic 
diorite.   No  pronounced  zones  of  weakness  or  slides  were  observed  in  the 
area,  and  the  foundation  appears  to  be  stable. 

Tunnels.   The  tunnels  leading  from  Station  A  to  Station  B  in  the 
Pastoria  Canyon  Systems  will  lie  entirely  in  the  gneissic  diorite  rock 
unit.  Tunnels  leading  from  Pastoria  Canyon  to  the  common  point  in  the 
Beartrap  Canyon  will  penetrate  primarily  gneissic  diorite  and,  to  a  lesser 
extent,  rock  units  of  Lebec  quartz  monzonite  and  Pelona  schist. 

Based  on  geologic  reconnaissance  mapping,  without  the  aid  of  any 
subsurface  exploration,  three  distinct  tunneling  condition  zones  were 
differentiated.  The  zones  and  the  corresponding  rock  load  factors  are 
shown  on  Plates  20,  21,  and  22  entitled  "Relative  Tunneling  Conditions". 
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The  tunneling  zones  are  related  to  the  physical  properties  of  the  rock, 
which  will  determine  the  difficulty  of  driving  the  bore  and  the  steel 
support  requirements.  The  degree  of  fracturing,  chemical  alternation, 
shearing,  hardness,  and  foliation  or  schistosity  were  taken  into  considera- 
tion in  outlining  the  tunneling  zones.  Rock  load  factors  assigned  to  the 
tunneling  zones  represent  an  average  condition  and  considerable  variation 
should  be  anticipated  under  actual  tunneling  operations.  The  load  factors 
correspond  to  criteria  developed  in  Department  of  Water  Resources  Bulletin 
No.  78,  Appendix  C  (1959)  entitled  "Procedure  for  Estimating  Costs  of  Tunnel 
Construction" . 

Zone  1  -  The  rock  within  this  zone  is  overall  moderately 
jointed,  unweathered  gneissic  diorite  with  some  isolated  closely 
fractured  zones.  The  depth  of  weathering  will  be  about  100  feet 
and  may  reach  an  occasional  depth  of  I50  feet  in  sheared  and  closely 
jointed  rock.  Weathered  rock  will  only  be  encountered  near  the 
portals  and  possibly  in  areas  where  the  cover  is  I50  feet  or  less. 

Due  to  shallow  cover  and  the  location  of  the  tunnels 
near  the  crests  of  ridges,  water  inflows  are  expected  to  be  low.  The 
rock  is  nonporous  and  ground  water  movement  will  be  confined  to 
fractures  and  shears. 


lOlf 


Load  Factor 

Percent  of 

Zone 

0  to  0.25B 

h% 

0  to  0.5B 

h5i> 

0.35   (B+Ht) 

10^ 

Summary  of  Tunneling  Zone  T 

Rock  Condition 

Massive,  moderately  jointed; 
light  support  and/ or  rock 
bolts. 

Hard,  schistose.   Light 
support  and/ or  rock  bolts 
required. 

Moderately  blocky  and 
seamy.  Support  required. 
No  lateral  pressures. 

Note:  The  entire  Zone  I  vrill  be  excavated  under  "dry  heading"  conditions. 

Zone  II  -  Tunneling  Zone  II  includes  very  closely 
fractured,  sheared  and  partially  deconrposed  rock  units  of  the 
gneissic  diorite  and  Lebec  quartz  monzonite.   The  rock  appears  to 
be  within  the  general  zone  of  influence  of  the  Garlock  and  the  North 
Gar lock  fault  zones. 

Tunneling  conditions  will  range  from  moderately  blocky  and 
seamy  to  completely  cnished,  and  are  expected  to  vary  considerably 
during  tunnel  driving.   A  very  marked  variance  in  rock  units,  intensity 
of  fracturing  and  shearing,  and  chemical  alteration  were  observed  within 
this  zone  during  geologic  mapping. 

Water  inflows  into  the  tunnel  are  expected  to  be  overall  low 
with  some  moderate  inflows  confined  to  isolated  closely  fractured  and 
sheared  intervals. 
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Sximmary  of  Tunneling  Zone  II 


Rock  Condition  Load  Factor 

Moderately  blocky  and  O.35  (B+Ht) 

seamy.  Support  required. 
No  lateral  pressures. 

Very  blocky  and  seamy.  O.725  (B+Ht) 

Support  required.  Little 
or  no  side  pressure. 

Conipletely  crushed.  Heavy       1.1  (B+Ht) 
support.  Considerable 
side  pressure. 


Percent  of  Zone 


h'^io 


h% 


Zone  III  -  This  tunneling  zone  consists  of  intensely 
fractured  and  sheared  gneissic  diorite  near  the  Pastoria  Canyon  and 
the  material  within  the  Garlock  and  the  North  Garlock  fault  zones. 
The  rock  is  chemically  altered,  mechanically  crushed  and  contains 
numerous  seams  of  clayey  gouge  along  strong  shears.  Relatively 
narrow  zones  of  fractured,  unaltered  rock  were  noted  within  the 
crushed  material.  These  lenses  of  better  rock  appear  to  be  small 
and  are  surrounded  by  sheared,  weak  material.  The  depth  of  weathering 
and  decomposition  within  the  fault  zones  extends  to  a  depth  of  at 
least  200  feet  normal  to  the  slope,  and  is  characterized  by  stained, 
oxidized  rock  with  open  fractures  often  filled  with  clay. 

Water  inflows  in  this  zone  are  expected  to  be  low  owing  to 
shallow  cover,  and  should  not  constitute  a  tunneling  hazard. 
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Summary  of  Tunneling  Zone  III 
Rock  Condition  Load  Factor 


Con5)letely  crushed.  Heavy 
support  required. 

Very  blocky  and  seamy. 


1.1  (B+Ht) 

0.725  (B+Ht) 
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Percent  of  Zone 


50^ 


Pastorla  Equal  Lift  Damsite.  This  damsite  received  the  most  in- 
tensive geologic  study  during  this  investigation.  The  site  was  investigated 
with  seven  dozer  trenches,  nine  diamond  drill  holes,  seismic  surveys,  and 
detailed  geologic  mapping.  The  location  of  exploration  and  geologic  features 
within  the  site  area  are  shown  on  Plate  No.  23.  The  data  obtained  from 
three  of  the  drill  holes  are  not  available  for  inclusion  in  this  report. 

The  results  of  the  foundation  study  showed  that  a  wide  zone  of 
crushed  rock  crosses  the  left  abutment  ridge,  the  left  abutment,  and  one 
of  the  proposed  spillway  locations. 

Right  Abutment.  The  right  abutment  has  an  average  slope  of 
about  35  degrees  with  the  lower  75  feet  standing  on  a  slope  of  nearly 
60  degrees.  Outcrops  of  moderately  weathered  and  jointed  gneissic 
diorite  are  nearly  continuous  along  the  base  of  the  abutment,  becoming 
spotty  and  deeply  decomposed  near  the  dam  crest. 

Subsurface  exploration  on  this  abutment  was  confined  to  one 
diamond  drill  hole,  DDH-1,  located  at  the  base  of  the  slope  and  drilled 
to  a  depth  of  8I  feet,  inclined  30  degrees  with  the  horizontal.  Drilling 
results  confirmed  the  interpretation  of  foundation  conditions  based  on 
surficial  geologic  mapping  and  can  be  considered  typical  of  the  average 
quality  of  the  rock  on  the  abutment  below  the  weathered  zone.   Core 
recovery  in  DDH-1  was  overall  very  high,  averaging  85  percent.  Core 
losses  occurred  in  soft,  decomposed  material  along  prominent  fractures 
and  were  confined  to  relatively  narrow  zones  less  than  two  feet  in 
width.  The  recovered  gneissic  diorite  was  fresh,  hard,  and  only 
moderately  fractured.  Open  fractures  were  noted  to  a  depth  of  60  feet 
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as  evidenced  by  oxidation  and  thin  clay  coatings.  No  effective  water 
pressure  tests  were  possible  to  a  depth  of  6o  feet  as  the  tested 
intervals  were  taking  the  niaxiraum  output  of  the  pump  (about  25  gpni) 
without  any  buildup  in  pressure.  The  highest  losses  were  interpreted 
to  be  along  a  joint  set  trending  N75W,  or  nearly  normal  to  the  dam  axis. 
These  joints  have  the  highest  seepage  potential  as  they  continue  down- 
stream of  the  embankment  area  and  follow  the  shortest  seepage  path 
around  the  abutment.  Water  losses  from  60  to  8l  feet  were  relatively 
low  and  nearly  all  fractures  appeared  to  be  tigjit  in  this  interval. 
Grout  takes  are  expected  to  be  high  along  the  core  trench  on  the 
right  abutment. 

Foundation  preparation  of  the  right  abutment  prior  to  place- 
ment of  fill  for  the  proposed  122- foot-high  dam  will  consist  of  the 
following: 

1.  Stripping  under  the  iinpervious  section  will  require 
removal  of  all  soil,  slopewash,  talus,  and  loose  rock  in  addition 
to  10  feet  of  deeply  weathered,  partially  decoii5)osed  gneissic 
diorite  -  an  overall  average  of  15  feet.  The  lower  75  feet  of  the 
abutment  slope  will  require  extensive  hard  rock  sloping  to  provide 
an  even  surface  for  placement  of  fill.  Slush  grouting  under  the 
ingjervious  section  will  provide  an  effective  control  of  near 
surface  fractures  in  addition  to  a  100-foot  grout  curtain  to 
intercept  deep  seepage. 

2.  Foxondation  stripping  under  the  rolled  rock  fill  and 
con5)acted  alluvium  section  will  consist  of  removal  of  all  overburden 
and  five  feet  of  weathered  rock  -  an  average  depth  of  10  feet. 
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Channel.  The  channel  section  has  a  minimum  width  of 
250  feet  near  the  dam  axis,  widening  to  325  feet  both  up  and 
downstream.  The  entire  channel  is  filled  with  stream  alluvium 
and  slopewash  to  a  known  maximum  depth  of  3^  feet.   Bedrock 
exposures  are  confined  to  the  base  of  the  abutments. 

The  channel  was  explored  with  two  diamond  drill  holes 
(DDH-U  and  DDH-6)  and  three  seismic  lines  (see  Plate  No.  23). 
Hole  DDH-i4-  was  drilled  on  a  U5  degree  angle  from  the  base  of  the 
left  abutmem;  across  the  channel  for  a  distance  of  2UU.5  feet. 
Hole  DDH-6  was  drilled  vertically  near  the  center  of  the  stream 
channel  about  50  feet  downstream  from  the  dam  axis  to  a  depth 
of  85  feet. 

Drill  Hole  DDH-U  penetrated  a  fault  zone  in  the  interval 
36.0  to  76.0  feet  below  the  surface.  This  zone  consists  of  con?)letely 
crushed,  partially  gougy  material  with  very  little  strength.  The 
crushed  rock  showed  no  evidence  of  surficial  weathering  and  no 
in5)rovement  in  the  quality  of  this  material  should  be  expected 
with  depth.  From  76. 0  to  2W»-.  5  feet,  moderately  fractured  (average 
fracture  spacing  I.5  per  foot),  fresh  and  hard  gneissic  diorite 
was  cored.  Fractures  were  partially  open  throughout  the  cored 
interval,  as  indicated  by  staining  and  clayey  fracture  fillings. 
Thin  lenses  or  zones  of  completely  crushed,  gougy  rock  were 
encountered  throughout  the  interval.  Core  recovery  was  high, 
averaging  89  percent. 

Hole  DDH-6  was  drilled  vertically  near  the  center  of  the 
channel  with  the  objective  of  defining  the  probable  maximum  depth 
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alluvium  and  the  extent  of  the  weathered  zone.  Bouldery  stream 
alluvium  was  encountered  to  a  depth  of  3^  feet  and  was  underlain 
by  virtually  fresh,  closely  fractured  gneissic  diorite.  All  major 
fractures  showed  alternation,  slickenside,  and  coatings  of  grey  silty 
gouge.  Zones  of  crushed,  gougy  material  were  cored  throvighout  the 
interval  tested  -  some  soft  seams  appeared  to  he  at  least  four 
feet  wide  and  consisted  of  altered,  crushed  rock.  The  average 
length  of  recovered  rock  was  O.U  feet,  and  the  overall  recovery 
was  high  (75  percent). 

Based  on  subsurface  exploration,  foundation  preparation 
in  the  channel  section  will  necessitate  removal  of  35  "to  kO   feet 
of  alluvium  in  addition  to  10  feet  of  loose,  partially  altered 
bedrock  -  a  total  of  ^5  feet  vinder  the  iinpeirvious  section. 

Stripping  under  the  con?)acted  alluvium  and  rolled  rock 
fill  section  will  consist  of  35  to  kO   feet  of  alluvium  and  five 
feet  of  loose  rock.  The  fault  zone  penetrated  by  DDH-U  will  require 
overexcavation  to  at  least  20  feet  below  the  cutoff  trench  elevation 
and  will  be  backfilled  with  dental  concrete. 

Left  Abutment.  The  left  abutment  is  formed  by  a  narrow 
ridge  which  has  a  width  of  about  700  feet  near  the  dam  crest.  Out- 
crops of  weathered  gneissic  diorite  were  mapped  near  the  base  of  the 
slope  and  a  few  small  e3q)osures  were  found  scattered  on  the  upstream 
abutment  slope.  The  remainder  of  the  abutment  is  covered  by  a  deep 
mantle  of  soil  and  slopewash. 
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The  left  abutment  and  the  alternate  spillway  excavation 
area  were  explored  by  six  trenches,  two  diamond  drill  holes 
(DDH-2  and  DDH-5),  and  two  seismic  lines  (see  Plate  No.  23). 
Subsurface  exploration  showed  the  abutment  to  be  covered  by  an 
unusually  deep  cover  of  slopewash  which,  in  turn,  is  iinderlain  by 
deeply  weathered  and  cinjshed  gneissic  diorite. 

Drill  Hole  DDH-2  was  drilled  at  an  elevation  of  2,250  feet, 
35  feet  above  the  dam  crest  to  a  depth  of  151.2  feet,  about  25  feet 
above  the  channel  elevation  at  the  axis  of  the  dam.   Overall  core 
recovery  was  67  percent.  The  hole  penetrated  unconsolidated  slopewash 
to  a  depth  of  36  feet,  which  consisted  of  gravelly,  silty  sand  (SM) 
with  partially  deconposed  boulders  of  gneissic  diorite  up  to  one  foot 
in  diameter.  Below  the  overburden  to  the  bottom  of  the  hole,  drilling 
encountered  coniJletely  crushed,  gneissic  diorite  partially  reduced 
to  a  silty  gouge.  The  recovered  material  was  typical  of  the  shear 
zone  which  was  iincovered  during  trenching  exploration,  and  it 
appears  that  Hole  DDH-2  lies  near  the  northern  boundary  of  the  zone 
which  has  an  exposed  width  of  3OO  feet  in  the  damsite  area.  No 
effective  water  pressure  and  gravity  tests  could  be  performed  in 
the  crushed  rock  as  the  packer  could  not  be  sealed.  Water  losses 
during  drilling  were  generally  low,  and  it  appears  that  the  gouge 
which  coats  nearly  all  fractures  acts  as  a  retardant  to  seepage. 

Hole  DDH-5  was  located  near  the  proposed  axis  at  elevation 
of  2,125  feet,  about  50  feet  above  the  stream  channel.  The  hole  had 
an  inclination  of  U5  degrees  and  a  bearing  of  S12W,  with  a  total 
depth  of  107.3  feet.  Overall  core  recovery  in  DDH-5  was  63  percent, 
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and  water  losses  diiring  drilling  and  pressure  testing  were  generally 
low.  Slopewash  extended  to  I6.O  feet  and  was  underlain  by  partially 
decon5)Osed,  closely  fractured  gneissic  diorite.  Fractures  were 
filled  with  red-brown  clay,  and  water  losses  during  drilling  were 
generally  low.  The  closely  fractured,  stained,  and  moderately 
weathered  rock  was  drilled  to  a  depth  of  5^  feet.  The  longest 
recovered  core  in  this  interval  was  one  foot  long,  and  the  average 
core  length  was  O.3  feet.  Intensely  fracttired,  sheared  to  com- 
pletely cnished  gneissic  diorite  was  encountered  from  5^  feet  to 
the  bottom  of  the  hole  (IO7.3  feet).  The  average  length  of  core  in 
this  interval  was  0.1  foot;  however,  the  recovery  was  exceptionally 
good,  indicating  that  no  wide  gouge  seams  are  present.  Nearly  all 
fractures  showed  slickensides  and  were  coated  with  bluish-grey 
clayey  gouge.  The  rock  fragments  within  this  zone  are  partially 
altered  but  are  generally  quite  hard  and  difficult  to  break  by  hand. 

Based  on  current  subsurface  exploration,  no  accurate  stripping 
depth  can  be  predicted  for  the  left  abutment.  The  rock  exposed  in 
the  trenches  and  in  the  diamond  drill  hol4»  does  not  appear  suffi- 
ciently con?)etent  for  the  placement  foundation  of  a  122- foot  high 
dam.  Additional  exploration  is  necessary  to  evaluate  the  critical 
foundation  conditions  on  the  left  abutment. 

Spillway.  The  originally  proposed  spillway  located  above 
the  left  abutment  was  found  to  be  entirely  in  con?)letely  cmshed, 
gougy  material.  The  high  cut  slopes  required  for  the  spillway 
excavation  would  be  highly  unstable  and  woiild  constitute  a  danger 
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to  a  safe  operation  of  the  project.   The  most  feasible  spillway- 
plan  appears  to  be  a  gloi^  hole  on  the  right  abutment,  which  would 
be  excavated  in  competent  gneissic  diorite. 

Pastoria  Unequal  Lift  Damsite.   The  proposed  120- foot-high  dam 
would  be  located  in  a  very  steep,  V-shaped  canyon  just  downstream  from  the 
point  of  confluence  of  Pastoria  Creek  with  a  major  unnamed  canyon.  Geologic 
mapping  and  subsurface  investigations  have  revealed  a  major  shear  zone  which 
crosses  the  entire  right  abutment  and  continues  downstream  across  the  channel 
of  Pastoria  Creek.   The  sheared  material  consists  of  completely  crushed 
altered  gneissic  diorite,  which  has  been  partially  reduced  to  clayey  gouge. 
Overall,  the  right  abutment  rock  appears  to  be  a  serious  foundation  problem 
for  a  120-foot  fill  structure,  and  no  conclusion  as  to  feasibility  of  this 
site  can  be  reached  without  an  extensive  exploration  program. 

Exploration  of  the  site  consisted  of  two  trenches,  one  on  each 
abutment,  three  diamond  drill  holes,  and  two  seismic  lines.   The  location 
of  exploratory  work  and  the  geologic  features  are  shown  on  Plate  No.  23. 

Right  Abutment  -  The  right  abutment  has  a  steep,  even  slope, 
averaging  about  35  degrees,  and  is  virtually  devoid  of  trees  and  brush. 
Isolated  outcrops  of  closely  fractured  gneissic  diorite  are  foiind 
scattered  over  the  abutment.   Later  exploration  showed  that  outcrops 
represent  the  most  competent  foundation  rock  and  are  completely 
surrounded  by  crushed,  gougy  material.   Fresh  gneissic  diorite 
exposures  near  the  proposed  axis  proved  out  to  be  talus  and  slide 
debris  and  were  underlain  by  sheared  rock.   The  completely  crushed, 
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gougy  rock  comprises  about  two-thirds  of  the  shear  zone,  with  the 
remainder  consisting  of  intensely  to  moderately  fractured  highly 
altered  rock  surrounded  by  weak  sheared  and  decon^josed  material. 
The  abutment  was  explored  with  one  long  trench  extending  over  the 
entire  abutment  and  one  drill  hole,  DDH-T-  The  drill  hole  was 
started  in  moderately  fractured  rock,  as  the  weaker  material  con- 
tinued to  slide  into  the  excavation  and  presented  a  safety  hazard. 
The  hole  was  drilled  to  a  depth  of  98  feet  at  an  angle  of  U5  degrees 
with  the  horizontal,  and  encountered  con5)letely  crushed,  weak, 
gougy  rock. 

The  extremely  poor  natxire  of  the  rock  exposed  in  the  trench 
and  in  the  drill  core,  along  with  high  water  losses  during  drilling, 
indicate  the  need  for  an  extensive  exploration  at  this  site  before 
the  feasibility  of  a  dam  120  feet  high  can  be  established. 

Channel  -  The  channel  section  within  the  dam  foundation 
area  is  very  straight  and  narrow,  averaging  75  feet.  The  alluvium 
covers  the  entire  channel  and  no  outcrops  were  found  even  at  the 
base  of  the  abutment  slopes.  Exploration  consisted  of  one  diamond 
drill  hole  and  two  seismic  lines.  The  diamond  drill  hole  was 
located  near  the  axis  and  was  drilled  to  a  depth  of  75-5  feet.  The 
first  Ik   feet  consisted  of  stream  alluvium  which  was  underlain  by 
relatively  fresh,  moderately  fractured  gneissic  diorite.  The  bedrock 
is  very  con?)etent  and  would  provide  good  foundation  for  the  proposed 
dam. 
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Left  Abutment  -  The  left  abutment  has  an  even  steep  slope 
averaging  U3  degrees,  and  is  covered  by  heavy  trees  and  bushes.  No 
outcrops  were  found  within  the  damsite  foundation  and  the  entire 
slope  is  mantled  by  a  thick  cover  of  slopewash  and  slide  debris. 
The  left  abutment  was  explored  with  one  long  trench  about  50  feet 
above  the  channel,  and  by  one  diamond  drill  hole  100  feet  downstream 
from  the  proposed  axis.   The  trenching  exploration  showed  that  nearly 
the  entire  abutment  is  covered  by  deep  slopewash  and  slide  debris. 
No  reliable  bedrock  exposures  were  found  in  the  trench  and  all 
materials  encountered  appeared  to  have  been  disturbed  by  sliding 
and  creep.   Drill  Hole  DDH-3,  80.  5  feet  deep  on  a  k'y   degree  angle, 
penetrated  overburden  to  a  depth  of  27  feet.   The  underlying 
gneissic  diorite  bedrock  was  deeply  weathered  and  closely  fractured 
to  a  depth  of  about  55  feet.   From  55  feet  to  80  feet,  the  rock  was 
virtually  fresh  and,  although  closely  fractured,  was  relatively 
watertight  as  indicated  in  pressure  tests.  The  foundation  rock 
below  the  overburden  appears  to  be  well  suited  as  foundation 
material  for  a  120-foot  high  earthfill  dam. 

Spillway  -  A  glory  hole  spillway  on  the  left  abutment 
appears  to  be  the  most  favorable  scheme.  The  excavation  will  be 
in  hard,  moderately  fractured  rock,  except  at  the  downstream  portal 
where  completely  crushed  material  will  be  encountered. 

Station  B  Pun^)ing  Plant,  System  1.  The  proposed  pun^jing  plant 
appears  to  be  situated  on  an  ancient  landslide  which  is  underlain  by 
sheared  rock.   The  extent  of  slide  debris  shown  on  Plate  No.  23  was 
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interpreted  from  surficial  geologic  mapping  and  subsurface  exploration 
consisting  of  two  trenches  and  two  diamond  drill  holes,  DDH-8  and  DDH-10. 
The  trenches  were  entirely  in  slide  debris  which  consist  of  angular  and 
subangular  fragments  of  gneissic  diorite  in  a  matrix  of  sandy  silt.  The 
slide  material  appears  to  be  quite  stable  in  the  trench  walls  in  a  dry 
state.  A  considerable  loss  of  con^jetency  with  saturation  was  observed 
after  prolonged  rain,  and  serious  sliding  may  take  place  into  the  reservoir. 
Excavation  of  the  entire  slide  is  the  most  effective  way  of  precluding  any 
large  scale  movement. 

Drill  Hole  DDH-8,  located  near  the  toe  of  the  slide,  penetrated 
59  feet  of  slide  debris  which  were  underlain  by  con^jletely  crushed,  gougy 
material.  The  hole  was  driQJLed  to  a  total  depth  of  l80  feet  entirely  in 
weak  gougy  rock.  Similarly  cnished  rock  was  encountered  in  DDH-10.  The 
extent  of  the  weak  material  in  the  pumping  plant  foundation  cannot  be 
interpreted  without  further  drilling  exploration,  and  no  conclusions  as 
to  the  feasibility  of  the  plant  can  be  made  at  this  time.  The  extremely 
poor  quality  of  the  material  recovered  during  drilling  makes  the  inter- 
pretation of  stable  cut  slopes  and  bearing  capacity  extremely  difficiilt. 
For  purposes  of  preliminary  cost  analysis,  the  following  design  criteria 
were  defined: 

1.  Cut  slopes  in  the  slide  debris  will  be  1.5:1  and  virtually 
the  entire  slide  will  be  removed. 

2.  Cut  slopes  will  stsmd  at  2:1  in  fault  material  and  1-1/2:1 
in  weathered,  closely  fractured  gneissic  diorite. 

Station  B  Pun^)ing  Plant,  Systems  2  and  3.  The  proposed  pumping 
plant  site  is  located  at  the  base  of  a  steep,  narrow  ridge  and  will  require 
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extensive  excavation  to  provide  an  adequate  foundation.   Exploration  in 
the  plant  area  consisted  of  one  trench  located  near  the  base  of  the  slope. 
The  material  exposed  in  the  trench  was  almost  entirely  talus,  and  only  a 
small  section  of  in-place  bedrock  was  found.   The  rock  at  the  base  of  the 
slope  appears  to  be  within  the  zone  of  influence  of  the  shear  zone  located 
on  the  opposite  canyon  slope  (see  Plate  No.  23).   Outcrops  exposed  higher 
on  the  ridge  indicate  hard,  moderately  fractured  rock,  and  it  appears  that 
the  bulk  of  the  excavation  will  be  in  very  hard  con^jetent  material.   Hard 
rock  excavation  methods  will  be  used  for  at  least  80  percent  of  the  total 
excavation  and  cut  slopes  will  be  stable  on  1:1,  with  berms  every  50  feet. 

Station  B  Discharge  Lines.   The  discharge  lines  from  the  Station  B 
piimping  plant  of  the  Two  Equal  Lift  System  lie  entirely  in  an  area  of  very 
deep  slopewash  and  landslide  debris.  The  average  estimated  depth  of  over- 
burden is  20  feet,  reaching  a  maximum  of  over  50  feet  near  the  base  of  the 
slope.   The  nature  of  the  underlying  bedrock  is  not  known,  as  there  are  no 
outcrops  and  no  subsurface  exploration  has  been  done  at  the  time  of  writing. 
The  zone  of  intensely  fractured  to  completely  crushed  rock  which  crosses 
the  puii5)ing  plant  area  appears  to  underlie  at  least  a  portion  of  the  dis- 
charge lines  foundation  with  the  remainder  to  be  founded  on  deeply  weathered 
gneissic  diorite.  The  general  instability  of  the  foundation  rock  is  attested 
by  the  old  landsliding  and  the  total  absence  of  outcrops.   A  comprehensive 
subsurface  exploration  program  of  the  area  is  needed  for  a  proper  evalu- 
ation of  the  foundation  conditions. 

The  discharge  lines  of  the  Station  B  pumping  plant  of  the  Pastoria 
Two  Lift  and  Ridge-Pastoria  Two  Lift  will  be  founded  almost  entirely  on  hard, 
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moderately  weathered  and  fractured  gneissic  diorite,  and  no  unusual  con- 
struction difficulties  are  anticipated.  About  50  percent  of  the  required 
excavation  will  "be  by  hard  rock  methods. 

Ridge  Alignments 

A  geologic  study  of  the  Ridge  alignment  has  been  in  progress 
intermittently  since  196O.  This  summary  report  presents  the  engineering 
geology  and  exploration  of  the  proposed  engineering  features  along  the  ridge 
alignment.  Since  geological  investigation  is  in  progress,  conclusions  are 
tentative  and  subject  to  revision. 

The  topography,  location  of  engineering  work,  and  distribution 
of  geologic  units  is  shown  on  plates  2k,   25,  26,  and  27. 

Forebay.  The  forebay  excavation  will  be  mostly  in  alluvium  which 
is  predominantly  silty  sand.  Recommended  cut  slopes  in  the  forebay  excava- 
tion are  2:1  with  berms. 

At  the  location  of  the  forebay  dike,  0  to  60  feet  of  alluvial 
materials  overlie  fractured  basalt.  Based  on  water  pressure  tests  and 
examination  of  the  core  from  drill  holes,  extensive  grouting  will  be 
required  in  the  highly  fractured  basalt  to  prevent  leakage. 

Station  A  Puxigiing  Plant.  The  pun?)ing  plant  will  be  founded 
entirely  upon  the  Tejon  formation  which  dips  30  to  35  degrees  to  the  north- 
west and  consists  of  firm  sandstone  with  minor  interbeds  of  siltstone.  The 
alluvium  overlying  the  Tejon  formation  ranges  from  5  to  65  feet  in  thickness. 
The  depth  to  static  water  averages  20  feet  below  ground  surface;  no  unusual 
dewatering  problems  are  anticipated.  The  sandstones  will  require  ripping 
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with  possibly  some  light  blasting.   Cut  slopes  should  be  stable  at  1-1/2:1 
with  bemis  except  at  the  southern  end  of  the  excavation  where  the  beds 
dip  into  the  excavation  and  will  require  2:1  slopes  Tor  stability.   Limited 
rock  testing  indicates  the  sandstone  has  adequate  strength  for  the  proposed 
structure.   Based  on  geophysical  surveys  and  trenches,  a  fault  crosses  the 
foundation  area,  and  two  other  faults  are  suspected.   It  may  be  necessary 
to  shift  the  position  of  the  pumping  plant  slightly  to  avoid  placing  it  on 
weak  materials  associated  with  the  faults. 

Discharge  Lines.  The  discharge  lines  were  investigated  for  both 
surface  and  underground  alignments  for  the  single-lift  and  surface  for  the 
two-lift  systems.   All  of  these  features  are  located  within  the  gneissic 
diorite  body.   In  general,  the  gneissic  diorite  is  a  hard  and  strong  rock 
with  an  average  fracture  spacing  of  k   feet.  Foliation  and  banding  are 
usually  well  developed  with  a  predominant  trend  of  Ni+5W  or  roughly  parallel 
to  the  alignment  of  the  discharge  lines.  Dips  of  foliation  are  usually 
steep  to  the  east,  although  local  variations  in  both  strike  and  dip  are 
common.   Although  folding  is  difficult  to  distinguish,  several  localities 
indicate  that  tight  isoclinal  folding  is  an  important  aspect  of  rock 
structure. 

As  displayed  in  trenches,  several  shear  zones  traverse  the  area 
in  a  northeast  direction.   These  zones,  from  2  to  10  feet  wide,  are  composed 
of  sheared,  decomposed  to  highly  fractured  rock  affected  by  mineralization 
and  chemical  alteration.   A  few  thin  clay  gouge  seams  are  also  present. 

Decomposed  rock  resulting  from  surface  weathering  has  a  maximum 
known  depth  of  95  feet  but  averages  10  feet  along  the  discharge  lines.   Any 
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xindergroxind  features,  such  as  discharge  lines,  will  be  below  the  water 
table;  ground  water  should  not  affect  any  of  the  proposed  surface  works. 

Rock  test  results  obtained  so  far  indicate  that  the  gneissic 
diorite  is  congsetent  and  suitable  as  a  foiindation  material  for  surface 
and  undergroxind  discharge  lines. 

Off-line  Damsite.  The  proposed  167- foot-high  dam  will  lie  in  a 
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V-shaped  narrow  canyon  with  an  extremely  steep  gradient.  Foundation  rock 
consists  of  moderately  to  deeply  weathered  gneissic  diorite  which  is  cut 
by  numerous  two  to  five  feet  wide  pegmatite  veins.  Outcrops  are  very  spotty, 
and  the  entire  damsite  area  is  mantled  by  soil  with  widespread  evidence  of 
shallow  creep.  I 

The  site  was  explored  with  two  trenches,  one  on  each  abutment, 
and  three  drill  holes.  Additional  two  drill  holes  and  an  investigation 
of  the  potential  borrow  areas  is  in  progress.  Overall  the  site  appears 
to  be  well  suited  for  a  conibination  earth  and  rockfill  dam,  and  no  serious 
construction  problems  are  anticipated.  Based  on  preliminary  diamond  drill- 
ing information,  the  site  may  be  adequate  for  construction  of  a  concrete 
structure,  as  hard  con^jetent  rock  was  foxind  below  the  surficially  weathered 
material.  Additional  drilling  information  is  needed  to  further  substan- 
tiate the  feasibility  of  a  concrete  dam  at  this  location. 


Right  Abutment.  The  right  abutment  has  an  even  slope, 
averaging  25  degrees.  Outcrops  are  confined  to  the  stream  channel 
and  are  deeply  weathered.  Above  the  channel  there  are  very  few 
outcrops  consisting  primarily  of  pegmatite  dikes.  The  abutment 
was  explored  by  one  trench  about  60  feet  above  the  channel,  and 
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one  drill  hole,  DH-1,  l8l  feet  deep.   The  trench  revealed  deeply- 
weathered,  but  only  moderately  fractured,  gneissic  diorite  and 
no  major  zones  of  weakness  were  found.   Hole  DH-1  was  drilled  from 
the  trench  into  the  abutment  on  a  60  degree  angle  to  a  total  depth 
of  131  feet.   The  hole  penetrated  moderately  to  deeply  weathered 
gneissic  diorite  to  a  depth  of  U5  feet.   The  intensity  of  weather- 
ing within  this  zone  was  highly  irregular  and  generally  confined 
to  pi'orainent  fractures  or  sets  of  joints.   Overall  there  is  a 
noticeable  improvement  in  the  rock  condition  at  2*+  feet.   The 
fracture  spacing  in  the  interval  0  to  U5  averaged  O.5  feet,  and 
virtually  all  fractures  showed  oxidation  and  rusty  staining. 
Water  losses  during  pressure  testing  0  to  U5  feet  ranged  from 
15.8  to  k.6   gallons  per  minute  at  50  psi  for  a  10-foot  tested 
interval. 

A  very  abrupt  change  in  the  rock  condition  takes  place 
at  h'}   feet.   The  rock  below  U5  feet  is  fresh  and  hard,  and  the 
rust  staining  is  confined  to  isolated,  prominent  fractures.   The 
improvement  in  the  rock  condition  is  readily  reflected  in  the 
water  test  results.   Water  "takes"  below  ^4-5  feet  drop  to  one  to 
four  gpm  at  50  psi  for  a  10-foot  tested  interval.   Fracture  spacing 
from  U5  to  131  feet  averaged  about  0.8  feet  with  the  most  intense 
fracturing  in  pegmatite  veins. 

Foundation  preparation  for  a  167-foot-high  fill  dam 
will  consist  of  the  following: 

1.   Impervious  core  -  strip  25  feet  of  deeply  weathered, 
deeply  fractured  rock. 
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2.  Rockfill  and  gravel  section  -  renuDve  15  feet  of  deeply 
weathered  rock.  u 

Channel.  The  channel  section  consists  of  a  V-notch  and  is     m 


covered  by  shallow  slopewash  and  soil.  It  was  too  narrow  to  be  dis-  | 
cussed  separately,  and  is  covered  under  the  description  of  the  1 
abutments. 

Left  Abutment.  The  left  abutment  has  a  very  steep  slope 
averaging  33  degrees  and  it  is  virtua3_Ly  devoid  of  any  outcrops. 
Exploration  consisted  of  one  trench  and  two  diamond  drill  holes. 
The  drilling  results  are  incon?)lete  at  the  time  of  writing.  hi 

Trenching  revealed  a  deep  soil  mantle  five  to  ten  feet  deep 
underlain  by  decoiiposed,  friable,  gneissic  diorite.  No  major  shearing 
or  crushing  was  observed,  and  the  foundation  rock  should  in5)rove 
below  a  depth  of  25  to  30  feet.  The  following  preliminary  stripping 
estimates  are  based  primarily  on  near  surface  information  and  may      I 
xindergo  some  revision  upon  ccMi?)letion  of  the  drilling  exploration:      :  »jjj 

1.  Iii5)eiTrious  section  -  strip  30  feet  of  soil  and  decern-      ^^^ 
posed  rock. 

2.  Rockfill  and  gravel  sections  -  strip  20  feet  of  over- 
burden and  deccn^osed  rock. 

Station  B  Punning  Plant.  Exploration  of  the  proposed  puB?)ing 
plant  consisted  of  2  trenches  and  1  access  road.  Further  ejqjloration 
will  include  2  diamond  drill  holes,  a  geophysical  study,  and  associated 
rock  testing. 
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Based  on  current  information,  the  pxiraping  plant  will  be  located 
on  hard,  strong,  fractured  gneissic  diorite,  and  no  unusual  construction 
problems  are  expected.  The  trenching  exploration  revealed  at  least  k 
minor  faults  in  the  plant  area,  which  ranged  in  width  from  2  to  3  feet. 
The  depth  of  deeply  deconposed  rock  which  could  be  removed  by  common 
excavation  methods  was  estimated  to  be  about  20  feet.  Numerous  partially 
decomposed  hard  residual  ribs  are  found  throughout  the  plant  area  and  will 
require  blasting.  The  rock  below  20  feet  will  contain  a  great  percentage 
of  hard,  weathered  diorite  and  will  require  blasting. 

The  cut  will  be  almost  entirely  in  hard,  weathered  gneissic 
diorite  and  will  be  stable  on  a  1:1  slope  with  berras. 

Tunnel  No.  1.  This  tunnel  will  traverse  coni)etent  gneissic 
diorite  and  will  be  entirely  within  tunneling  Zone  I  as  outlined  in  the 
discussion  of  tunnels  in  the  Pastoria  alignments.  Tunneling  Zone  I  is 
estimated  to  contain  ^5'^  massive,  moderately  jointed  rock,  14-5^  hard, 
foliated  rock,  and  10^  moderately  blocky  and  seamy  rock.  Maximum  cover 
over  Tunnel  1  is  600  feet.  The  tunnel  invert  is  below  the  water  table,  but 
will  be  excavated  under  a  "diy  heading"  condition,  which  is  defined  as 
water  inflows  less  than  100  gallons  per  minute  at  the  tunnel  heading.   In 
general,  foliation  trends  parallel  to  or  at  a  slight  angle  to  the  tunnel 
alignment.  No  major  faults  were  mapped  in  this  area. 

Tiinnel  No.  2.  Tunnel  No.  2,  to  be  excavated  entirely  within 
gneissic  diorite,  will  generally  encounter  tunneling  Zone  I  as  outlined 
above  except  for  the  area  immediately  adjacent  to  the  outlet  portal  which 
will  traverse  tunneling  Zone  II.  Tunneling  Zone  II,  also,  explained  in 
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the  discussion  of  tiinnels  in  the  Pastoria  alignments,  consists  of  k^'f} 
moderately  blocky  and  seamy  rock,  k^ia  very  blocky  and  seamy  rock,  and 
lO'jt  con?)letely  curshed  rock.  Maximum  cover  above  Tunnel  2  is  56O  feet. 
All  of  the  tunnel  is  below  the  water  table  but  "cry  heading"  conditions 
are  anticipated.  Foliation  is  somewhat  erratic,  but  will  generally  inter- 
sect the  tunael  at  an  angle  of  about  30  degrees.  The  south  portal  of 
Tunnel  No.  2  lies  just  within  the  borders  of  the  west  branch  of  the  North 
Garlock  fault.  No  other  faults  are  known  to  intersect  Tunnel  No.  2. 

Siphon  No.  2.  Siphon  No.  2,  which  has  a  total  length  of  about 
2,500  feet,  will  be  entirely  within  the  North  Garlock  fault  zone.   In  this 
area  the  east  and  west  branch  faults  meet  to  form  a  wide  zone  character- 
ized by  highly  fractured,  locally  altered  gneissic  diorite  containing  5  "to 
20-foot-wide  seams  of  fault  breccia  and  clay  gouge  at  irregular  intervals. 
Based  on  k   drill  holes  and  k   trenches,  the  fault  zone  is  con?)osed  of  about 
50  percent  strongly  fractured,  weathered  to  altered,  moderately  hard  gneissi 
diorite  containing  about  50  percent  seams  and  zones  of  sheared,  weak  and 
crushed  fault  gouge  and  breccia.  Some  of  the  faulted  rock  has  been 
re-cemented  to  become  somewhat  more  coiipetent.  Surface  weathering  has 
decon^josed  the  rock  to  a  depth  of  at  least  25  feet.  Adequate  rock  for  the   j 
foundations  of  anchor  blocks  and  portal  structures  may  require  excavation 
to  depths  of  at  least  35  feet.  Estimated  side  slopes  of  1:1  should  be 
stable  in  the  cut  required  for  the  reinforced  concrete  pipe.  The  excava- 
tion should  be  dry  except  where  it  intersects  the  bottom  of  the  canyon 
where  the  water  level  is  about  10  feet  below  ground  surface.  Common 
excavation  with  some  ripping  will  be  required  for  the  shallow  trench. 
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Tunnel  No.  3'  Tunnel  No.  3,  about  5,700  feet  long,  will  traverse 
1,100  feet  of  gneissic  diorite  and  U,600  feet  of  the  Pelona  formation  which 
consists  of  quartz  mica  schist  with  lessor  amounts  of  sericite  schist, 
chlorite  schist,  graphite  schist,  talc  schist,  mylonite,  and  quartzite. 
About  one-half  of  Tunnel  No.  3  will  encounter  Zone  II  t\inneling  conditions, 
and  the  remainder  of  the  tunnel  will  be  excavated  in  Tunneling  Zone  III. 
As  explained  in  the  discussion  of  tunnels  in  the  Pastoria  alignments,  Tunneling 
Zone  III  consists  of  50  percent  completely  crushed  rock  and  50  percent  very 
blocky  and  seamy  rock;  this  weak  material  is  contained  within  the  Garlock 
and  North  Garlock  fault  zones  as  well  as  in  other  areas  of  faulted  rock. 

The  maximum  cover  above  Tunnel  3  is  600  feet.   Most  of  the  tunnel 
can  be  advanced  by  dry  heading  methods,  although  short  intervals  of  moderate 
water  inflows  may  be  expected  on  the  hanging  wall  side  of  faulted  rock 
under  high  cover.  Foliation  is  variable  but,  in  general,  is  nearly  normal 
to  the  tunnel  alignment. 

Exploration  of  Engineering  Features.  Geological  mapping  at  a 
scale  of  1"  =  UOO'  has  been  coni)leted  for  the  entire  alignment  and,  in 
addition,  the  following  features  have  been  investigated  with  varying  degrees 
of  intensity: 

1.  Station  A  Punning  Plant 

(a)  22  rotary  drill  holes;  3,000  feet  total 

(b)  6  trenches 

(c)  2  dragline  pits 

(d)  Seismic  refraction  surveys;  10  lines 

(e)  Magnetometer  survey 

(f)  Soil  and  rock  testing 
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2.  Discharge  Lines  -  to  include  both  stir face  and  underground 
alignments. 

(a)  7  rotary  drill  holes;  6,lKX)  feet  total 

(b)  k  trenches 

(c)  Seismic  refraction  survey;  k   lines 

(d)  Rock  testing 

3.  Station  B  Puiqping  Plant 

(a)  2  rotary  drill  holes  (proposed) 

(b)  2  trenches 

(c)  Seismic  refraction  survey  (proposed) 

(d)  Rock  testing  (proposed) 

h.     Off-Line  Damsite 

(a)  k   rotary  drill  holes  (in  progress) 

(b)  5  trenches  (in  progress) 

(c)  Seismic  refraction  sui^ey  (proposed) 

(d)  Rock  testing  (proposed) 

(e)  Borrow  materials  investigation  (proposed) 

5.  Tunnel  No.  1 

(a)  6  rotary  drill  holes;   1,850  feet  total 

(b)  2  trenches   (proposed) 

6.  Siphon  No.   1 

(a)  2  trenches  (proposed) 

(b)  Seismic  refraction  survey  (proposed) 
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7.  Tunnel  No.  2 

(a)  2  rotary  drill  boles;  310  feet  total 

(b)  1  trench 

8.  Siphon  No.  2 

(a)  2  rotary  drill  holes;  211  feet  total 

(b)  2  trenches 

(c)  Seismic  refraction  survey 

9.  Tunnel  No.  3 

(a)  15  rotary  drill  holes;   l+,900  feet  total 

(b)  1  trench 

(c)  1  test  adit;  350  feet  total 

(d)  Rock  testing  (proposed) 

(e)  Seismic  refraction  survey  (proposed) 

Engineering  Analysis 

This  section  presents  siimmarized  engineering  analyses  of  the 
specific  features  included  in  the  six  lift  systems  described  earlier  in 
this  report. 

Forebays 

The  criteria  for  determining  forebay  capacity  are  that  water  would 
be  made  available  to  supplement  inpaired  inflow  rates  by  a  total  amount 
equal  to  one-half  hour's  flow  at  design  discharge  of  '+,093  cfs,  and  that 
storage  capacity  would  be  reserved  to  store  excessive  inflows  in  the  same 
amount.  Each  of  these  criteria  requires  an  in?)ounding  capacity  of  about 
170  acre-feet,  or  3U0  acre-feet  total, 
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The  forebay  serving  the  first  plant  in  the  Tehachapi  pumping  lift 
coniplex  was  assumed  to  be  a  separated  or  by-pass  type,  in  which  the  water 
surface  is  maintained  at  a  lower  elevation  than  the  canal  normal  water 
surface.  For  this  separate  type  forebay,  a  canal- to- forebay  overflow  weir 
is  provided  of  sufficient  length  to  discharge  excess  inflow  at  a  rate  equal 
to  the  canal  design  discharge  with  canal  surcharge  not  exceeding  the  per- 
missible freeboard.  The  forebay  water  surface  would  be  returned  to  its 
normal  operating  elevation,  after  storing  excess  inflows,  either  by  drawing 
down  the  canal  water  surface  to  the  normal  operating  forebay  level  or  by 
pun5)ing  the  forebay  until  the  desired  forebay  operating  water  surface  is 
reached. 

When  deficient  inflow  occurs,  it  is  necessary  to  draw  the  intake 
canal  surface  below  the  level  of  the  forebay  in  order  to  use  forebay  water 
for  flow  augmentation.  After  a  period  of  deficient  inflow,  the  forebay 
control  gates  would.be  operated  to  return  water  to  the  forebay  as  (or  after 
the  intake  canal  surface  is  restored  to  normal  elevation.  \ 

An  emergency  spillway  wo\ild  be  provided  to  discharge  the  normal  ( 
canal  flow,  at  a  surcharge  not  exceeding  the  freeboard  of  the  canal  or    », 
forebay,  in  the  event  that  canal  inflow  might  exceed  pung)  discharge,  with 
the  forebay  at  maximum  water  surface  level. 

Although  a  forebay  is  included  in  this  study,  investigations  are 
being  made  on  the  possibility  of  eliminating  the  forebay.  Flow  augmentatioj 
would  be  provided  from  drawdown  of  the  water  surface  in  the  canal  and  excei 
flows  would  be  either  wasted  at  a  blowoff  or  discharged  into  a  spill  basin 
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Pumping  Plants 

Civil.  The  pun5)ing  plant  structures  are  enclosed  surface  structures 
which  house  lU  and  8  units  for  the  single  and  two-lift  systems,  respectively. 
The  space  requirements  of  the  electrical  and  mechanical  equipment  and, 
therefore,  the  size  and  arrangement  of  the  structures  are  based  on  equip- 
ment sizes  from  manufacturers'  data.  The  structures  are  designed  with  an 
adequate  volume  of  concrete  to  satisfy  the  basic  stability  requirements. 

Mechanical.  The  mechanical  features  of  the  six  alternative  lift 
systems  have  been  selected  on  the  basis  of  the  criteria  stated  earlier  in 
this  report  and  the  following  analyses: 

PuBips.  The  pun5)s  selected  for  the  systems  have  characteristics 
closely  approximating  the  design  for  which  model  test  programs  are 
presently  in  progress.  The  characteristics  of  the  selected  pun5)s 
are  given  in  Table  III-2.  The  efficiencies  are  consistent  with  those 
obtained  from  the  preliminary  model  tests  on  the  different  piimp  designs. 

While  the  vertical  configuration  is  the  only  practical  one 
for  the  four-stage  single  suction  pun?)  installation,  the  horizontal 
eonfiguration  has  certain  merits  in  the  two-stage  double-flow  piin?) 
installation.  In  previous  studies,  plant  layouts  were  made  for  both 
configurations  of  the  two-stage  double-flow  pumps;  their  relative 
costs  were  estimated  and  it  was  found  that  the  vertical  design  was 
more  economical.  Because  the  pun^is  selected  in  the  present  study 
are  very  similar  to  those  of  previous 'Studies,  the  vertical  con- 
figuration has  been  selected  again. 
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It  will  be  noted  that  two  values  for  submergence  are  given 
in  Table  III-2  for  each  pumping  station.  One  is  that  required  for 
safe  operation  \inder  normal  ultimate  flow  conditions;  the  other  is 
the  maximum  required  for  the  same  safe  operation  under  the  assumed 
operating  conditions  existing  during  the  water-buildup  period. 

Discharge  Valves.  The  spherical  valve  with  double  sealing 
was  selected  after  a  con5)arison  was  made  with  the  same  type  having 
only  a  single  seal  and  with  a  rotary  cone  type  of  valve.  It  has  the 
advantage  of  enabling  internal  inspection,  maintenance  and  replace- 
ment of  the  operating  seal  without  unwatering  the  discharge  line  or 
necessitating  the  installation  of  an  adjacent  guard  valve.  It  is 
designed  with  "fail-safe"  operating  characteristics  and  has  a 
negligible  head  loss.  The  "high-head"  butterfly  valve  was  not 
given  detailed  consideration  due  to  the  high  value  of  its  head  loss. 

M 

Auxiliaries.  The  cranes,  and  the  raw  and  cooling  water, 
lubricating  oil,  drainage,  transformer  oil,  con^iressed  air,  fire 
protection,  plumbing,  heating,  ventilation  and  air  conditioning 
systems  were  selected  on  the  basis  of  general  good  practice  for  the 
specific  conditions  of  use. 

Hydraulic  Transients.  Preliminary  studies  of  hydraulic 
transients  for  each  of  the  alternative  lift  systems  showed  that  the 
profiles  and  designs  of  all  discharge  lines  were  satisfactory.  Under   i 
the  conditions  of  loss  of  power  at  the  different  lift  stations,  the 
negative  pressure  surge  lines  were  located  safely  above  the  discharge 
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lines  at  all  points,  and  the  excess  transient  pressure  surges  added 
to  the  normal  internal  operating  pressures  were  safely  under  the 
design  pressures. 

Electrical.  The  electrical  features  for  the  single-lift  and 
two-lift  systems  have  been  selected  on  the  basis  of  the  following  analyses: 

230  KV  Switchyard.  The  voltage  and  number  of  transmission 
lines  assumed  to  terminate  at  the  switchyard  are  based  on  a  circuit 
loading  of  approximately  200  MW,  which  is  derived  in  part  from  data 
in  Table  I8  of  the  Federal  Power  Commission  Technical  Memorandum  No.  1. 
The  switchyard  main  and  transfer  bus  arrangement  were  selected  on  the 
basis  of  economy,  simplicity,  and  common  usage.  The  use  of  overhead 
power  connections  and  buried  duct  for  control  cables  from  the  switch- 
yard to  the  plant  is  based  on  economy  and  technical  feasibility.  The 
provision  of  a  single  control  room  for  plant  and  switchyard  located 
at  the  plant  is  based  on  common  practice. 

13.8  KV  System.  The  assvmrption  of  full  voltage  starting  of 
B"  the  main  pump  motors  as  induction  motors  is  based  on  preliminary  infor- 
mation obtained  from  motor  manufacturers.  A  final  determination  of 
starting  method  will  be  made  during  the  final  design  phase  of  the 
Tehachapi  lift  system. 

The  selection  of  self-cooled  (OA  rated)  main  transformers 
with  fans  for  operation  at  higher  ambient  teii5)eratures  (FA  rating)  is 
based  on  the  most  conservative  practice.  The  use  of  a  single,  three- 
phase  transformer  is  favored  by  the  increased  reliability  of  modem 

131 


I 

I 


transformers  whereby  the  possibility  of  failure  is  remote  through 
proper  protection.  With  this  reliability,  it  is  considered 
feasible  to  connect  two  or  three  motors  to  each  transformer,  thus 
gaining  a  considerable  overall  economic  advantage.  The  use  of 
segregated  phase  bus  for  the  motor-transformer  connections  is  t 

consistent  with  the  continuous  and  monetary  current  ratings  j  s 

encountered.  The  use  of  metalclad  switchgear  is  determined  by  the  i 
interrupting  requirements  as  derived  from  fault  calculations.  The  fi 
degree  of  motor  protection  is  based  on  reccamnended  conservative  ii 
practice.  ol 


of 


USO-Volt  System.  The  loadcenters  supplying  auxiliary  power 
are  of  the  conventional  type  and  utilize  a  "throwover"  scheme  to 
assure  continuity  of  service  to  essential  avixiliaries . 


Discharge  Lines 


Surface  Pipes.  After  consideration  was  given  to  a  greater  niomber 
of  lines,  two  barrels  were  selected  as  the  optimum  number.  The  economical 
diameter  was  determined  by  calculating  that  size  which  yields  the  least 
total  present  worth  cost  of  construction,  including  capitalized  maintenance!  j.^ 
and  replacement,  and  the  present  worth  cost  of  energy  losses  due  to  frictici  jj.^ 
The  use  of  a  range  of  pipe  diameters  was  considered  but  the  difference  in 
cost  between  constant  and  varying  diameters  installations  was  judged  to  be 
of  secondary  in5)ortance,  and  since  all  discharge  lines  woixld  be  similarly 
effected,  the  comparison  between  systems  would  be  valid.  When  the  final 
system  is  selected,  a  more  exacting  analysis  on  optimum  diameter  will  be  mi 
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The  type  of  construction  used  for  estimating  costs  was  welded 

steel  pipe,  mechanically  coupled  and  supported  on  concrete  saddles  spaced 

at  UO-foot  intervals.  The  plate  thickness  was  determined  by  using  the  hoop 

tension  formula  t  =  -r where  t  is  the  plate  thickness  in  inches,  H  is 

s 

the  head  in  feet,  D  is  the  diameter  in  feet,  and  fg  is  the  allowable  working 
stress  of  the  steel.  The  minimum  plate  thickness  is  equal  to  D+20  where  D 

"Too 

is  diameter  in  feet.   The  heads  were  based  on  the  static  head  plus  15  percent 
for  normal  surge.  Abnormal  upsurges  caused  by  power  failures  were  not  used 
in  determining  plate  thicknesses  since  the  upsurge  will  not  exceed  50  percent 
of  static  head  whereas  Department  criteria  allows  an  increase  of  50  percent 
of  the  allowable  stresses  under  such  conditions.   The  allowable  stresses 
used  were  consistent  with  Department  recommendations  except  in  the  case  of 
A-517  steel  where  an  allowable  stress  of  38? 300  psi  (l/3  of  ultimate  instead 
of  1/2  of  yield)  was  used.  The  types  of  steel  used  are  A-285C,  A-i+l+l  and 
A- 517  as  governed  by  economy. 

Discharge  Tunnels.  The  niimber  of  discharge  tunnels  was  selected 
as  two.   This  was  considered  as  a  minimum  in  order  to  avoid  complete  shut- 
down of  water  deliveries  for  reasons  of  maintenance  or  emergency  repairs 
to  either  tunnel.  The  inside  diameter  of  12.0  feet  was  determined  to  be 
optimum  by  calculating  the  least  total  present  worth  of  construction  costs, 
capitalized  maintenance  and  repljcement  costs,  and  the  present  worth  cost 
of  hydraulic  losses. 

The  profile  of  the  tunnels  is  stepped  to  minimize  the  external 
hydrostatic  pressure  on  the  steel  liners.  A  12-foot  adit  is  provided  to 
the  second  step  for  access  during  construction  and  for  maintenance  after 
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operation  begins.  This  adit  may  "be  used  as  a  second  heading  during  con- 
struction and  is  large  enough  to  transport  the  steel  J.iners  into  the 
discharge  tunnels  during  construction. 

The  tunnel  discharge  lines  were  designed  to  withstand  the  full 
internal  hydrostatic  pressure  plus  30  percent  of  static  head  for  upsurge 
and  for  external  hydrostatic  pressure  equal  to  a  colunm  of  water  equal  to 
the  height  of  cover  over  the  tunnel.  The  design  of  the  steel  liners  for 
internal  pressures  was  hased  on  the  theory  presented  by  Mr.  E.  W.  Vaughn 
in  the  Journal  of  the  Power  Division  of  the  American  Society  of  Civil 
Engineers,  No.  PO  2  of  April  1956,  entitled  "Steel  Linings  for  Pressure 

Shafts  in  Solid  Rock".  ■ 

■  j  iBt 
Mr.  Vaughn's  theory  of  rock  deformation  was  based  on  the  elastic 

m 
theory  with  certain  reservations  for  inelastic  behavior.  The  theory  was 

iota 
developed  on  the  assuii5)tion  that  the  rock  can  take  all  of  the  tensile 

;'or 
stresses  resvilting  from  internal  pressure.  In  essence,  the  design  load 

is  proportioned  among  the  steel  liner,  concrete  liner  and  the  rock  accordin, 

aini 
to  the  assun5)tion  that  the  steel,  rock  and  concrete  would  deform  alike 


j 

The  reliability  of  the  results  is  limited  by  the  accuracy  in 


correlating  laboratory  data  of  the  elastic  properties  of  rock  to  in  situ 

m 
conditions.  Based  on  the  geologic  exploration  program  in  progress,  testing 

of  core  san?)les  and  available  literature,  the  following  data  were  used 

in  applying  Vaughn's  theory: 

tirci] 
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Ratio  of  plastic  to  elastic  deformation     K  =  0.1 

Gap  between  steel  liner  and  concrete         =  .0003Rs  where 

Modulus  of  elasticity  of  rock  Ed  =  3  x  10  psi 

(Approximately  50  percent  of 
minimum  static  modulus  of  elasticity 
as  determined  by  laboratory  tests) 

Modulus  of  elasticity  of  concrete  E  =  3  ^  10  psi 

In  the  application  of  Vaughn's  theory,  the  rock  was  assumed  capable 
of  withstanding  tensile  stresses.  Natural  prestressing  of  the  rock  is  relied 
upon  to  compensate  for  the  tensile  stresses  induced  by  the  water  pressure 
in  the  tunnel.   In  view  of  our  assumption  that  rock  can  withstand  induced 
tensile  stresses,  adequate  rock  cover  was  assumed  to  be  kO  percent  of  the 
total  internal  head  carried  by  the  rock.  This  amount  of  cover  overcon^jensates 
for  the  tensile  stresses  induced  by  internal  pressure  and  the  rock  is  then 
all  in  con5)ression;  our  assumption  is  justified.  Rock  bolts  are  used  to 
minimize  stress  relieving  of  the  rock  as  excavation  progresses.   If  rock 
support  is  less  than  adequate,  the  steel  liner  thickness  was  increased 
proportionately  between  no  rock  support  and  full  rock  support. 

The  steel  liners  were  also  designed  to  resist  external  pressures 
caused  by  grouting  during  construction  and  ground  water  acting  upon  the 
entity  tunnel.  The  design  of  the  steel  liner  to  resist  all  of  the  external 
pressure  was  also  based  on  Vaughn's  paper.  However,  where  the  use  of 
circumferential  ring  stiffeners  resulted  in  a  more  economical  design,  the 
steel  liners  were  designed  using  Timoshenko's  theory  for  a  freestanding 
pipe  with  rigid  stiffener  rings.  The  weight  of  the  rings  was  assumed 
20  percent  of  the  weight  of  the  liner  where  the  rings  were  effective. 
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Two  types  of  steel  are  used  for  the  lining,  A-285C  and  A-khl, 

as  governed  by  economy.  The  allowable  stresses  used,  which  are  70  percent    " 

of  yield  stress,  are:  ■! 

A-285C  21,000  psi  I   '' 

A-U41  32,200  psi  I 


Tunnels  - j 

I 
For  all  tunnels,  except  the  tunnel  discharge  lines,  one  tunnel 

with  a  diameter  of  23.5  feet  is  used.  The  finished  cross  section  is 

circular  within  a  horseshoe  excavation.  The  tunnels  are  concrete- lined 

with  continuous  support  with  steel  ribs  and  invert  struts.  Fifty  feet  of 

cover  was  maintained  along  the  entire  alignment  of  the  tunnels.  i 

Siphons  " 

For  short  reaches  of  siphon  (up  to  1,000  feet  in  length),  a  single 
barrel  of  cast-in-place  concrete  pipe,  with  the  came  diameter  as  the  con- 
tiguous tvmnels,  is  used.  For  siphons  of  greater  length,  multibarrel 
prestressed  concrete  pipe  is  used. 

Dams 

The  reservoirs  in  the  raultilift  systems  serve  five  primary  functioi: 
conveyance  of  aqueduct  flows,  dan^>ing  of  surges,  accommodating  mismatching 
of  pumping  units  between  the  first  and  second  punping  plants,  providing 
ten5)orarily  for  storage  of  inflows  from  Station  A  in  the  event  of  accidental 
stoppage  of  the  Station  B,  and  ten?)orarily  for  the  draft  of  the  Station  B 
if  Station  A  suffers  an  accidental  outage. 
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Sizing  of  reservoirs  was  based  on  supplementing  inflow  deficiencies 
equal  to  15  minutes  flow  at  design  discharge,  and  on  providing  available 
space  that  would  be  required  to  store  excessive  inflows  of  the  same  amount. 
These  criteria  would  require  -  85  acre-feet  capacity  or  17O  acre-feet  total 
active  capacity. 

Flood  Hydrology.  All  reports  pertaining  to  the  hydrology 
of  the  area  were  reviewed  and  compared,  and  a  conclusion  reached  that 
the  unit  hydrograph  for  Pastoria  Creek  published  in  the  Department's 
office  report,  "Hydrologic  Studies  for  California  Aqueduct  Cross-Drainage 
Design",  was  of  sufficient  detail  that  the  probable  maximum  discharge 
could  be  established. 

Because  of  the  consideration  for  maximum  safety  of  the  Pastoria 
Canyon  Dams,  it  was  decided  that  the  estimated  probable  maximum  storm 
flow  would  be  added  directly  to  aqueduct  inflow,  and  this  new  peak 
inflow  would  be  used  in  designing  emergency  spillways.  The  probability 
of  the  maximum  flood  flows  and  full  aqueduct  discharge  rejection  at 
the  reservoirs  occurring  at  the  same  time  is  remote,  but  still  possible. 
The  spillway  design  discharge  for  the  Ridge  Off-line  Reservoir  is  full 
aqueduct  capacity.  Natural  flood  inflows  are  negligible  since  rainfall 
intensities  are  low  and  the  tributary  drainage  area  is  only  0.6  square 
miles. 

Debris  Inflow.   A  reconnaissance  of  the  drainage  area  revealed 
that  there  had  not  been  a  great  amoxint  of  debris  production  in  recent 
years . 
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Based  iipon  all  available  data  on  precipitation  and  runoff, 
records  of  all  fires  in  the  drainage  area  during  the  last  25  years, 
and  reports  on  debris  production  and  soil  erosion,  it  is  estimated 
that  debris  dams  and/or  check  structures  are  not  required  at  this 
time  but  should  be  constructed  as  needed  if  the  present  conditions 
of  the  watershed  change.  There  is  a  great  potential  for  debris 
production  in  the  Pastoria  Creek  watershed  if  a  large  portion  of  the 
ground  cover  is  burned. 

Embankment  Design.  The  dams  were  designed  as  zoned  earth-and- 
rockfill  embankments.  Construction  costs  were  estimated  on  structural 
embankments  based  on  conservative  designs  since  there  are  no  available 
data  on  soil  test  results  of  the  foundations  or  construction  materials. 
The  exterior  slopes  were  assumed  to  be  3:1  upstream  and  2.5:1  downstream. 
All  dams  are  kO   feet  wide  at  the  top  and  have  a  curved  axis. 

Construction  materials  were  assumed  acceptable  for  dam  con- 
struction. These  materials  would  be  obtained  from  (l)  foundation 
excavation,  (2)  pumping  plant  excavation,  (3)  quarry  and  borrow  sites 
outside  the  reservoir. 

Spillways.  The  cost  estimates  are  based  on  uncontro3J.ed 
glory  hole  spillway.  The  glory  hole  was  designed  to  carry  the  estimated 
probable  maximum  storm  and  aqueduct  flow  at  a  maximum  10- foot  surcharge. 
The  discharge  tunnel  would  convey  these  flood  releases  past  the  dam 
embankment  and  discharge  the  flows  into  natural  drainage  channels. 
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CHAPTER  IV.   COST  ESTIl-lATSS  AND  ECONOMIC  COMPARISON 

The  estimated  costs  for  the  six  Tehachapi  alternative  lift  systems 
are  summarized  in  Table  IV-1.  Detailed  estimates  of  capital  costs  are  given 
in  Table  IV-2,  and  annual  costs  in  Table  IV-3.   Only  the  applicable  electrical 
and  mechanical  equipment  was  staged,  according  to  staging  schediile  as  shown 
on  page  III-l.   Consideration  was  given  to  staging  sxorface  discharge  lines; 
however,  since  the  second  line  would  have  to  be  installed  and  ready  for 
operation  in  1972,  costs  were  distributed  assuming  both  lines  installed  for 
initial  delivery. 

Capital  Costs 
Costs  for  structures  and  conveyance  conduits  were  estimated  by 
determining  quantities  of  excavation,  concrete,  pipe,  etc.,  and  applying 
appropriate  unit  costs.  Mechanical  and  electrical  equipment  costs  were 
estimated  by  using  catalog  prices  or  manxifacturers '  quotations  and  adding 
delivery  and  installation  costs. 

Allowances  for  engineering  costs  and  for  contingencies  were  esti- 
mated as  follows: 

Contingencies: 

Dams       -  .25  X  construction  cost 

Other      -  .15  X  construction  cost 

Field  cost       -  construction  +  contingencies 

Preliminary 

design        -  .03  x  field  cost 

Final  design     -  .05  x  field  cost 

Construction  supervision: 

Forebays, 
roads,  and 
canals    -  .15  x  field  cost 

Other      -  .07  x  field  cost 
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Total  capital  cost  was  determined  as  the  sum  of  field  cost, 
design  costs,  and  construction  supervision  cost. 

Annual  Costs 
For  pimping  plants,  estimates  were  made  of  operating  manpower 
requirements  with  an  additional  allowance  for  administrative  costs  and 
materials.  For  other  features,  operation,  maintenance,  and  replacement 
are  based  on  percentages  of  capital  costs.   Electrical  power  and  energy 
costs  are  based  on  Power  Office  Schedule  No.  3A,  as  shown  in  Table  III-l. 

Economic  Factors 
All  present  worth  values  are  referenced  to  year  I965  and  include 
all  estimated  costs  through  year  20^0,  discounted  at  an  interest  rate  of 
four  percent  per  annum. 
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TABLE  IV-1 

COST  SUMMARY 

In  thousands  of  dollars 


Systems 

Cost 

Present 

worth 

cost 

Excess 
present 

worth 

over 

System  6 

;  Percent 
:  excess 
:  present 
:worth  over 
:  System  6 

Pastoria  Two-Equal  Lift 
System  1 
Capital 

Ann\wl  O.M.  and  R. 
Annual  power  and  energy 

156,711 

2,008 
19,250 

138,517 

38,680 

284,627 

2,683 
3,321 

-  333 

1.98 

9.39 

-   .12 

TOTAL 


Pastoria  Two  Lift 


177,969     461,824 


5,671 


1.24 


System  2 
Capital 

Anniial  O.M.  and  R. 
Annual  power  and  energy 

164,940 

2,027 

19,341 

146,075 

39,065 

285,966 

10,241 

3,706 

1,006 

7.54 

10.48 

•35 

TOTAL 

186,308 

471,106 

1^,953 

3.28 

Ridge-Pastoria  Two  Lift 
System  3 
Capital 

Annual  O.M.  and  R. 
Annua.1  power  and  energy 

175,362 

2,056 

19,266 

155,924 

39,751 

284,861 

20,090 

4,392 

-   99 

14.79 
12.42 

-  .03 

TOTAL 

196,684 

480,536 

24,383 

5.35 

Ridge  Two-Equal  Lift 
System  4 
Capital 

Annual  O.M.  and  R. 
Annvial  power  and  energy 

162,783 

2,060 

19,223 

144,869 

39,861 

284,241 

9,035 
4,502 

-   719 

6.65 

12.73 

-   -2? 

TOTAL 

184,066 

466,971 

12,818 

2.81 

Ridge  Single  Lift  With 

Underground  Discharge  Lines 
System  5 

Capital 

Annual  O.M.  and  R. 

Annual  power  and  energy 

155,692 

1,824 
19,499 

137,820 

35,234 

286,676 

1,986 

-   125 

1.716 

1.46 

-  .35 
.60 

TOTAL 


177,015 


^59,730 


3,577 


.78 
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COST  SUMMARY 

( continued 

) 

In  thousands  of  dollars 

Excess 

:  Percent 

Present 

present 

:  excess 

Systems 

Cost 

worth 

worth 

:  present 

cost 

over 
System  6 

:worth  over 
:  System  6 

Ridge  Single  Lift  With 

Surface  Discharge  Lines 

System  6 

Capital 

153,61+5 

135,^3^ 

— 

— 

Annual  O.M.  and  R. 

1,830 

35,359 

— 

— 

Annual  power  and  energy 

19,1+18 

2d4,96o 

— 

-- 

TOTAL 


m,893      ^56,153 
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Plates  2  through  8  are  bound 
at  the  end  of  Book  IV. 
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Plates  19  through  22  are  bound 
at  the  end  of  Book  IV. 
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STATION  A  PUMPUrc  PLANT  SITE 
IN  PASTORIA  CANYON  ALIGNMENTS 
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VIEW  LOOKING  DOWN  CANYON  AT  SITE 

dF  DAM  IN  PASTORIA  TWO  EQUAL  LIFT 

SYSTEM 
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VTEW  OF  LEFT  ABUTMENT  OF  DAM  AKD 

STATION  B  PUMPING  PliANT  SITE  OF 

PASTORIA  TWO  EQUAL  LDT  SYSTliM 
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VIEW  LOOKIRG  UP  CANYON,  AT  SITE  OP 

DAM  AND  STATION  B  PUMPING  PLANT 

IN  PASTORIA  AND  RIDGE-PASTORIA 

TWO  LOT  SYSTEMS 
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SINGLE  LIFT,  OR  STATION  A  OF  TWO  LOT? 

SYSTEMS,  PLANT  AND  INTAKE  CHANNEL 

SITE.   VIEW  LOOKING  UP  RIDGE 
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LOOKING  UP  CAHYON  AT  SITE  OF  OFF-LINE 

DAM  OF  RIDGE  TWO  EQUAL  LIFT  SYSTEM. 

EXPLORATION  TRENCHES  NEAR  BOOTCM  OF 

CANYON  ARE  AT  AXIS  OF  EMBANKMENT 
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APPEInIDIX  c 
Photographs  of  Cores 
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TEHACHAPI  DIVISION 
PASTORIA  MULTI-LIFT  PLAN 
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SYSIEM  1  MD  2,    STATION  A  PUMPMG  PLANT, 
DRILL  HOLE  PP-1.  18.O'  TO  12^+. 7'. 
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TEHACHAPI  DIVISION 
PASTORIA  MULTI-LIFT  PLAN 
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SYSTEM  1  AND  2,  STATION  A  PUMPING  PLANT, 
DRILL  HOLE  PF-2,  29.0'  TO  109.3'. 
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TEHACHAPI  DIVISION 
PASTORIA  MULTI-LIFT  PLAN 


SYSTEM  1  MD  2,    STATION  A  PUMPING  PLANT, 
DRILL  HOLE  PP-3.    29.5'    TO  119.9'. 
(CONTINUED) 


C-3 

l8i 


TEHACHAPI  DIVISION 
PASTORIA  MULTI-LIFT  PLAN 


SYSTEM  1  MD  2,    STATION  A  PUMPING  PLANT, 
DRILL  HOLE  PP-3,   119.9'    TO  200.2". 
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TEHACHAPI  DIVISION 
PASTORIA  MULTI-LIFT  PLAN 


SYSTEM  1,    EQUAL  LIFT  DAI4SITE  - 

BASE  OF  RIGHT  ABUTMENT, 
DRILL  HOLE  DDH-1,    0.0'    TO  8l.O'. 
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TEHACHAPI  DIVISION 
PASTORIA  MULTI-LIFT  PLAN 
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SYSTEM  1,  EQUAL  LIFT  DAMSITE  - 
CHAMEL,  DRILL  HOLE  DDH-6,  33.5'  TO  85.0*. 
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TEHACHAPI  DIVISION 
PASTORIA  MULTI-LIFT  PLAN 


fTxriirmpBin^ 


SYSTEM  1,  EQUAL  LIFT  DAMSITE  - 
LEFT  CHAKEEL,  DRILL  HOLE  WE-k,    8.0'  TO  98.3'. 

(CONTINUED) 
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TEHACHAPI  DIVISION 
PASTORIA  MULTI-LIFT  PLAN 
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SYSTEM  1,  EQUAL  LIFT  DAMSITE  - 
LEFT  CHAITOEL,  DRILL  HOLE  DDH-^,  98.3'  TO  170.7'. 

(continued) 
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TEHACHAPI  DIVISION 
PASTORIA  MULTI-LIFT  PLAN 
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SYSTEM  1,  EQUAL  LIFT  DAMSITE  - 
LEFT  CHANNEL,  DRILL  HOLE  DDH-^,  170.7'  TO  21+U.5'. 
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TEHACHAPI  DIVISION 
PASTORIA  MULTI-LIFT  PLAN 
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SYSTE14  1,  EQUAL  LIFT  DAMSITE  - 
LEFT  ABUTMEMT,  DRILL  HOLE  DDH-^,  4,0'  TO  107.3' • 
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TEHACHAPI  DIVISION 
PASTORIA  MULTI-LIFT  PLAN 
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SYSTEM  1,  EQUAL  LIFT  DAMSITE  - 
LEFT  ABUTMENT  AND  ALTERNATIVE  SPILLWAY, 
DRILL  HOLE  DDH-2,  20.0'  TO  151.2'. 
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TEHACHAPI  DIVISION 
PASTORIA  MULTI-LIFT  PLAN 
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SYSOEM  1,    SmTION  B  PUMPING  PLMT, 

DRILL  HOLE  DDH-8,  1.8'  TO  127.8', 

HOLE  WAS  DRILLED  TO  TOTAL  DEPTH  OF  l80  FEET. 
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TEHACHAPI  DIVISION 
PASTORIA  MULTI-LIFT  PLAN 
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SYSTEM  2  AND  3,  UNEQUAL  LIFT  DAMSITE 
RIGHT  ABUOMENT,  DRILL  HOLE  DDH-7.  7.7'  TO  85.9' 
HOLE  WAS  DRILLED  TO  TOTAL  DEPTH  OF  98  FEEt!   ' 
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TEHACHAPI  DIVISION 
PASTORJA  MULTI-LIFT  PLAN 
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SYSTEM  2  AND  3,   UNEQUAL  LIFT  DAMSITE, 
CHAElffiL,   DRILL  HOLE  DDH-9,    15.5'    TO  53  +  FEET, 
HOLE  WAS  DRILLED  TO  TOTAL  DEPTH  OF  75.5  FEET. 
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TEHACHAPI  DIVISION 
PASTORIA  MULTI-LIFT  PLAN 
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SYSTEM  2  AND  3,   UNEQUAL  LIFT  DAI«ISITE, 
LEFT  ABUIT'IENT,  DRILL  HOLE  DDH-3,  1.3'  TO  80.5'. 
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TEHACHAPI  DIVISION 
PASTORIA  MULTI-LIFT  PLAN 
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SYSTEM  k,    OFF-LINE  DAMSITE, 
RIGHT  ABUTMENT,  DRILL  HOLE  DH-88,  6.0'  TO  109.8'. 
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APPENDIX  D 

Ihe  Consulting  Board  for  Earthqiiake  Analysis  was  convened 
on  April  6,   I965,  for  the  purpose  of  reviewing  the  engineering  and 
geologic  studies  vrtiich  were  in  progress.  A  copy  of  the  report  of  the 
Board  is  given  in  this  appendix. 
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Los  Angeles,  California 
April  8,  1965 


Mr.  Alfred  R.  (Jolze',  Chief  Engineer 
Department  of  Water  Resources 
Post  Office  Box  388 
Sacramento,  California 

Subject:  Tehachapi  Crossing 

Dear  Mr.  Crolze': 

This  letter  summarizes  our  opinions  formed  as  the  result  of  work 
carried  out  on  April  6  and  "J ,   1965,  in  connection  with  the  evaluation  of 
the  relative  seismic  hazards  of  the  various  possible  alignments  of  the 
Tehachapi  Crossing. 

On  April  6,  our  Board  was  given  a  briefing  by  your  staff  on  the 
engineering  and  geological  studies  which  have  been  carried  out  to  date, 
and  then  we  were  taken  on  an  inspection  tour  of  the  whole  area.  On  April  T, 
we  had  another  joint  meeting  with  your  staff  and  finally  spent  several  hours 
in  closed  session  discussing  the  problem  and  forming  the  opinions  described 
below.  Messrs.  Leps  and  Marliave  of  your  Tehachapi  Crossing  Consulting 
Board  joined  us  in  all  the  discussions  and  the  field  trip. 

In  your  letter  of  April  1,  1965^  you  asked: 

"Considering  the  several  schemes  proposed  for  an  aqueduct 
crossing  the  Tehachapi  Mountains  from  the  standpoint  of  earthquake 
hazard,  which  of  these  would: 

"(a)  Be  the  most  reliable. 

(b)  Be  the  least  vulnerable  to  damage. 

(c)  Be  the  most  vulnerable  to  damage. 

(d)  Present  minimum  hazard  to  life  and  property. 

"Please  discuss  any  factors  which  in  your  opinion  significantly 
affect  the  reliability  or  safety  of  each  of  the  schemes,  again  from 
the  point  of  view  of  earthquake  related  hazards." 

1.  We  feel  that  there  is  insufficient  information  available  to  us 
at  the  present  time  to  justify  specific  differentiation  between  the  several 
schemes  on  the  basis  of  earthquake  hazard.  Thus,  we  limit  our  main  considera- 
tions to  the  two  basic  plans  for  effecting  the  Tehachapi  Crossing  —  the 
Pastoria  Canyon  scheme  and  the  Ridge  scheme. 
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'  Jr, 

In  our  opinion,  the  information  does  not  warrant  any  more  specific 
statements  than  those  presented  in  our  report  of  December  22,  I96'*,  except 
to  the  extent  that  the  information  obtained  in  the  intervening  months  and    if 
the  observations  made  during  our  visit  to  the  site  reinforce  the  views       u 
previously  presented.  For  exan5)le,  we  feel  that  the  damsites  in  the  Ceuiyon   (r 
scheme  and  the  danger  of  instability  of  natural  slopes  dxiring  earthquakes 
are  worse  than  we  had  previously  assumed.  In  this  connection,  we  note  again 
that  the  hazards  resulting  from  earthquake- induced  landslides  are  greater 
for  the  Canyon  scheme  than  for  the  Ridge  scheme. 

Thus,  we  find  no  reason  to  modify  the  conclusion  expressed  in  our 
report  of  December  22;  that  is,  while  the  crossing  can  be  effected  by  either 
scheme  the  Ridge  scheme  is  preferable  to  the  Canyon  scheme  in  that  it  is  lesi 
vulnerable  to  damage  and  presents  less  potential  hazard  to  life  and  property 

Furthermore,  in  connection  with  the  Ridge  scheme,  we  prefer  the 
use  of  tunnels  in  sound  rock  to  surface  installations  in  weathered  material 
on  steep  slopes. 

2.  We  note  certain  imdesirable  featxires  of  both  schemes  which  mer:i  5 
further  study: 

(1)  The  siphon  between  Tunnels  Nos.  2  and  3  on  the 
Ridge  alignment  appears  to  be  very  vulnerable 
to  loss  of  foundation  support  due  to  ground 
failure  or  by  landslides  induced  by  earthquakes. 

(2)  The  abutment  conditions  for  the  damsites  so  far 
explored  in  the  Canyon  scheme  are  relatively  poor 
and  our  inspection  of  the  seunples  recovered  from 
the  drill  hole  in  the  left  abutment  of  Damsite  No.  1 
revealed  the  presence  of  a  thin  layer  of  cohesionless 
material  which  may  be  susceptible  to  marked  loss  of 
strength  during  an  earthquake.  For  planning  purposes, 
we  consider  it  more  desirable  to  devote  any  further 
effort  to  studies  of  other  possible  damsites  along 
the  Canyon  route  rather  than  to  more  detailed  study 
of  those  already  investigated. 

(3)  The  use  of  small  reservoirs  in  this  area,  where  there 
is  such  a  large  danger  of  landslides  during  earth- 
quakes, introduces  severe  hazards  from  the  following 
points  of  view: 

(a)  A  small  reservoir  may  be  largely  filled 
by  an  earthquake- induced  landslide. 

(b)  Such  a  slide  may  cause  overtopping  of 
dams,  and, 

(c)  Slide  debris  may  damage  the  puiiQ)ing  system. 
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3.  Of  the  various  schemes  proposed,  we  feel  that  System  No.  1 
involving  conveyance  of  water  in  a  closed  conduit  for  a  length  of  about 
a  mile  along  the  Garlock  fault  is  the  scheme  most  vulnerable  to  damage 
from  the  point  of  view  of  earthquake  hazards. 

U.  We  note  that  some  consideration  is  being  given  to  location 
of  a  dam  and  reservoir  in  the  vicinity  of  the  Garlock  fault  or  the  North 
Garlock  fault  and  point  out  that  any  offset  occurring  along  these  faults 
would  be  more  hazardous  to  a  dam  than  to  tunnels  across  the  faults. 

5.  We  would  like  to  reiterate  a  statement  from  one  of  our 
previous  reports  that  the  overall  reliability  of  any  scheme  will  often 
depend  more  on  the  detailed  treatment  of  the  engineering  problems  involved 
than  on  the  inherent  hazards  of  any  single  general  alignment. 
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-U- 


COTY       xj 
April  8,   1965         :, 


Respectfully  submitted. 


M 


Dr.  Hugo  Benioff ,  Chairman 


M 


Dr.  Clarence  R.  Allen 


/S/ 


Dr.  George  W.  Housner 


/S/ 


Dr.  H.  Bolton  Seed 


/S/ 


Dr.  James  L.  Sherard 


/S/ 


Mr.  N.  D.  Whitman,  Jr. 
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Mr.  J.  J.  Poody 


Tehaohapl  Orosiiog 
Lltr^A   R.  Qolf* 
Ohltf  Bngln««r 


Oonflrml&g  th«  dlsoussion  In  your  office  on 
January  13,  it  is  undaratood  the  following  action  will  be 
taken  with  reepeot  to  finalizing  the  information  required  for 
Seoiaion  on  the  lift  at  the  Tehaohapia. 

a.  The  target  date  for  the  report  from  your  office 
la  April  29  >  1965. 

b.  Six  ayatema  will  be  inoluded  in  the  report, 
rhey  aret 

1.  The  Beohtel  alignment  on  Faatoria  Oreelc  for 
a  two»lift  ayatem  modified  to  eliminate  the  upper 
reaervoir  on  Oarloclc  fault. 

2.  WR  twO'lift  ayatem  on  Faatoria  Creek. 

3.  JfiCR  two-lift  ayatem  on  the  Ridge  Route. 

4.  IWR  two-lift  ayatem  of  a  combination  of  the 
Hldge  Route  and  Faatoria  Creek. 

5.  DWR  aingle  lift  on  the  Ridge  Route  with  aurfaoe 
penatooka. 

6.  DWR  aingle  lift  with  underground  penatooka. 

0.  A  Q  of  4,000  of a  will  be  uaed  in  the  final  report. 
! 
'<k>.  Wllkea  will  confer  with  Mr.  Thayer  to  obtain  the  neoeaaary 

ngineering  aaaiatanoe  to  work  out  the  ohangea  in  data. 
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d.  Fhotographi  should  be  taken  of  all  thm   propostd 
looations  for  pumping  plants,  dams,  ressrroirs,  sto.  It  night 
also  be  well  to  hare  a  large  aerial  photograph  of  the  pumping 
area  and  thd  routes  plotted  on  the  aerial  photograph  rather  than 
on  a  oonventional  contour  map*  Photographs  should  be  Inoluded 
in  the  report  and  enlargements  should  also  be  available  for 
display  purposes. 

e.  Presentation  to  the  Direotor  will  be  scheduled 
about  aid-May  advising  him  of  the  engineering  decision  on  the 
piuBping  lift  part  of  the  Tehaohapi  Crossing. 


00}  Mr.  H.  6.  Seweyf  Jr. 


ARGOIZImgb 


20i+ 


iue  «f  California 

(Memorandum 


Tho  Rosourcos  Agoncy 


^^^ 


M-.   J.    ;-!.    Kaley^ 
:■/-■    ^ —■ ^.-^<-n~^.---* 


Janes  J.  Doody 
District  Engineer 
Southern  District 


Data     I      January  29,   I965 


File  No.i 


Subject  1   Tehachapl  Crossing 


Refererxe  is  icade  to  the  subject  Eemorandum  dated  January  15,  19^5, 
in  ivhich  i-iT.  Gol::e'  set  forth  the  boundary  conditions  unaer  which  v/e  aj.e  re- 
investigatirog  :?ehachapi  pumping  lifts  up  the  Ridge  Route  and,  alternatively, 
up  Pas'coria  Creek.  This  will  confirm  that  we  are  studying  the  Tehachapi  pump- 
ing lift  alternatives  within  these  boundary  conditions.  Additionally,  in  our 
lainutes  of  the  meeting  with  the  Chief  Engineer  on  Wednesday,  January  13,  19^5/ 
we  noted  the  following  boundary  conditions: 


y 


1.  ?o\rer  rates  will  be  the  latest  available, 
tion,  the  Power  Office  has  been  contacted 
and  has  advised  us  of  its  recommendation. 


In  this  connec- 
["or  power  rates 


2.  The  latest  estimates  for  efficiencies  of  pumping  machinery 
will  be  used. 

3.  The  study  will  consider  all  points  raised  by  the  Bechtel 
Corporation  in  its  reports  to  MWD. 

t.  Our  report  on  this  study  will  be  transmitted  to  Mr.  Golze' 
on  or  before  April  29,  19o5« 

V/e  wish  to  bring  to  your  attention  that  Mr.  Glen  Smith  of  MWD,  who  is 
designated  a-/  that  organization  to  effect  liaison  with  the  Department  has,  sev- 
eral times  during  the  past  week,  emphasized  that  both  the  Bechtel  Corporation 
and  I'^'D  are  extremely  interested  in  a  three-lift  pumping  scheme  up  Pastoria 
Creek.  We  would  appreciate  your  instructions  as  to  whether  a  seventh  alterna- 
tive system  should  be  included  in  our  study  eind  report.  This  seventh  would  be 
a  three-lii't  pumping  scheme  up  Pastoria  Creek.  Since,  in  our  past  investiga- 
tions, we  have  considered  three-lift  schemes,  the  incorporation  of  this  alterna- 
tive in  the  studies  would  require  merely  the  updating  and  refining  of  data 
already  available. 

Attached  herewith  are  notes  taken  on  the  Chief  Engineer's  meeting  with 
the  staff  of  the  Design  and  Cor.straction  Branch  of  the  Southern  District  on 
Wednesday,  January  13,  15^5 «  Tbe  part  of  the  meeting  on  the  Tehachapi  Crossing 
is  covered  on  pc^-es  3  ana  ^« 


,<RiSA,V., 


205 


pvv!: 


L^^^:<?N-r 


1.  Xr.  J.  M.  Haley 

2.  l-lr.  A.  R.  Golze'  -2-  January  29,  I965 


It  is  proposed  th-at  this  reinvestigation  of  the  Tehachapi  lift  "be 
accornplishcd  "by  engineers  and  geologists  currently  engaged  in  design  viork  on 
other  Southei*n  District  programs.  The  programs  Involved  are: 

1.  Cottonwood  Powerplant  Site  Development  Design 

2.  Oso  Pumj.ing  Plant  Site  Development  Design 

3.  Perris  Reservoir  Preliminary  Design 
h,  San  Bernardino  Tunnel  and  Intake 

At  this  time^  it  appears  that  there  will  be  no  measurable  effect  on 
the  schedules  for  design  of  Cottonwood  and  Oso  Plant  site  development.  There 
wlll^  of  course,  be  a  reduction  in  manpower  available  on  these  progretms  and, 
accordingly,  a  reduction  in  the  degree  of  refinement  in  the  early  phases  of  the 
work;  this  is  not  expected  to  restrict  the  scheduled  completion. 

The  work  necessary  for  the  exploration  and  study  of  dams  in  Pastoria 
Creek  on  the  Tehachapi  lift  reinvestigation  will  result  in  a  reduction  of  effort 
on  the  preliminaxy  design  and  exploration  for  Perris  Dam  and  Reservoir  and  for 
the  Sen  Bernardino  Tunnel,  which  will  necessitate  approximately  two  months*  de- 
lay in  the  conrpletion  of  preliminary  design  on  these  programs. 

Accordingly,  your  approval  is  requested  for  a  two-month  delay  in  the 
completion  of  preliminary  design  and  start  of  final  design  on  Perris  Dam  and 
Reservoir  (v;hich  it  is  assumed  can  be  absorbed  in  the  scheduled  time  for  final 
design),  and  a  two-nionth  delay  in  the  total  program  for  the  San  Bernardino 
Tunnel  (which  will  not  affect  water  delivery). 


APPROVSD 


.  ,}.^^^J-    A    ^-^-^*^'--/'  --?*^^^r^*^  r  -r^y^    -*—  f^  '^^    A; 


Chief  Engineer        ^ 
Date      F^^^^   /^y  ^9^  .^ 

Attach./ 

cc:  Chief  Engineer's  Office 
Southern  District  Office 
Mr.  K.  G.  Dewey,  Jr.  . 

Attention:  Vs*   E.  W.  Stroppinl  '*''* 

Mr.  J.  W.  Keysor 

Attention:  Mr.  J.  W.  Marietta 
¥x*   D.  H.  McKlllop 

iMi'.  P.  S.  Kood  '  "'t 

Mr.  J.  A.  Purvis 

Attention:  Mr.  A.  B.  Arnold 
Mr.  R.  D.  Gilutrsp 
Mr.  H.  M:..r:.;or,ian 
I'ir.  A.  Hunter  206 


1.  Mr.  H.  0.  Deway,  Jr.  February  10,  I965 

2.  Mr.  Alfred  R.  Oolze' 

Tehaohapl  Crossing 
Donald  P.  Thayer 

Reference  is  made  to  memorandum  to  Mr.  Qolze'  from 
Mr,  J.  J.  Doody,  dated  January  29,  1965,  same  subject,  suggesting 
Inclusion  of  the  three -lift  Tehaohapl  Pumping  Scheme  on  a  route 
through  Pastorla  Canyon  In  our  current  studies  of  alternatives 
for  the  subject  part  of  the  project.  You  orally  requested  me 
on  February  5»   19^5/  to  review  and  report  to  you  on  this 
memorandum . 

I  have  conferred  with  personnel  of  the  Southern  District 
office  and  find  that  no  new  conditions  have  arisen  motivating  this 
suggestion  other  than  those  presented  to  you  In  forming  the  basis 
of  your  previous  decision  to  study  six  different  schemes  for  the 
Tehachapl  Crossing.  (k\   January  25,  19^5,  Just  prior  to  my  trip 
to  the  Southern  District  on  the  following  day,  I  called  your 
attention  to  the  fact  that  our  proposed  Investigation  did  not 
Include  the  three-lift  scheme.   At  that  time  you  confirmed  your 
Instructions  as  to  the  six  aohemes  to  be  studied. 

Our  preliminary  estimates  of  cost  of  the  various 
alternative  schemes  for  the  Tehachapl  Crossing  showed  the 
three -lift  scheme  via  Pastorla  Canyon  to  be  more  costly  than  the 
most  economical  alternative.  The  preliminary  report  to  MWD  by 
the  Bechtel  Corporation  dated  September  1964,  estimated  the 
three -lift  scheme  would  cost  $17,000,000  more  than  the  least 
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1.  Mr.  H.  a.  Dewey,  Jr.        -2-  February  10,  1965 

2.  Mr.  Alfred  R.  Qolze' 

costly  alternative.  The  Bechtel  letter  report  to  MWD  of  January  5 
1965,  Indicated  that  the  three -lift  scheme  via  Pastoria  Canyon  to 
be  $14,000,000  more  costly  than  the  most  economical  alternative. 

Preparing  alternative  studies  of  the  six  schemes  which  & 
you  have  already  approved  within  the  time  indicated  will  already  to 
tax  the  resources  available  to  the  uttermost;  adding  another  schee 
to  this  study  will  result  in  delaying  other  essential  work. 

1   have  previously  informed  you  in  my  memorandum  of 

January  29,  I965,  reporting  on  the  presentation  made  by  the  Bechtl  :ai 

Corporation  before  the  MWD  Board  of  Directors  on  January  26,  1965  :et 

that  sentiment  among  the  directors  seemed  to  be  strong  for  the 

use  of  single  stage  pumps.  For  reasons  which  I  have  outlined  to  s 

you  heretofore,  it  is,  however,  only  practicable  to  use  single    ia 

:el 
stage  pumps  in  connection  with  the  three -lift  system.   I  do  not   ;oa 

believe  this  to  be  a  valid  reason  for  further  study  of  a  system 

already  demonstrably  uneconomical  and  needlessly  complicated. 

For  the  above  reasons,  on  strictly  technical  engineerin 

considerations,  I  recommend  that  you  make  no  change  in  your  forme;  I 

instructions  to  study  six  alternatives  for  the  Tehachapi  Lift. 


DPThayer :cp 
APPROVED: 


Chief  Engineer 

Date  FEB  2/ 1865 
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Los  Angeles,  California 
April  8,  1965 


Mr.  Alfred  R.  Golze ' ,  Chief  Engineer 
Department  of  Water  Resources 
Post  Office  Box  388 
Sacramento,  California 

Siibject:     Tehachapi  Crossing 

Dear  Mr.   Golze' : 

This  letter  summarizes  our  opinions  formed  as  the  result  of  work 
carried  out  on  April  6  and  7,  1965}  in  connection  with  the  evaluation  of 
the  relative  seismic  hazards  of  the  various  possible  alignments  of  the 
Tehachapi  Crossing. 

On  April  6,  our  Board  was  given  a  briefing  by  your  staff  on  the 
engineering  and  geological  studies  which  have  been  carried  out  to  date, 
and  then  we  were  taken  on  an  inspection  tour   of  the  whole  area.  On  April  7, 
we  had  another  joint  meeting  with  your  staff  and  finally  spent  several  hours 
in  closed  session  discussing  the  problem  and  forming  the  opinions  described 
below.  Messrs.  Leps  and  Marliave  of  yoxir  Tehachapi  Crossing  Consulting 
Board  joined  us  in  all  the  discussions  and  the  field  trip. 

In  your  letter  of  April  1,  19^5?  you  asked: 

"Considering  the  several  schemes  proposed  for  an  aqueduct 
crossing  the  Tehachapi  Mountains  from  the  standpoint  of  earthquake 
hazard,  which  of  these  woiild: 

"(a)  Be  the  most  reliable. 

(b)  Be  the  least  wilnerable  to  damage. 

(c)  Be  the  most  vulnerable  to  damage. 

(d)  Present  minimum  hazard  to  life  and  property. 

"Please  discuss  any  factors  which  in  your  opinion  significantly 
affect  the  reliability  or  safety  of  each  of  the  schemes,  again  from 
the  point  of  view  of  earthquake  related  hazards." 

1.  We  feel  that  there  is  insufficient  information  available  to  us 
at  the  present  time  to  justify  specific  differentiation  between  the  several 
schemes  on  the  basis  of  earthquake  hazard.  Thus,  we  limit  our  main  considera- 
tions to  the  two  basic  plans  for  effecting  the  Tehachapi  Crossing  —  the 
Pastoria  Canyon  scheme  and  the  Ridge  scheme. 
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In  our  opinion,  the  information  does  not  warrant  any  more  specific 
statements  than  those  presented  in  our  report  of  December  22,  I96U,  except 
to  the  extent  that  the  information  obtained  in  the  intervening  months  and      iJV 
the  observations  made  during  our  visit  to  the  site  reinforce  the  views        sm 
previously  presented.  For  example,  we  feel  that  the  damsites  in  the  Canyon    I'ro 
scheme  and  the  danger  of  instability  of  natural  slopes  during  earthquakes 
are  worse  than  we  had  previously  assumed.  In  this  connection,  we  note  again 
that  the  hazards  resulting  from  earthquake- induced  landslides  are  greater      of 
for  the  Canyon  scheme  than  for  the  Ridge  scheme.  dar 

iOll 

Thus,  we  find  no  reason  to  modify  the  conclusion  expressed  in  our- 
report  of  December  22;  that  is,  while  the  crossing  can  be  effected  by  either 
scheme  the  Ridge  scheme  is  preferable  to  the  Canyon  scheme  in  that  it  is  less   pre 
vulnerable  to  damage  and  presents  less  potential  hazard  to  life  and  property.   iep' 

I  k 

Furthennore ,  in  connection  with  the  Ridge  scheme,  we  prefer  the     ' 
use  of  tunnels  in  sound  rock  to  surface  installations  in  weathered  material 
on  steep  slopes. 

2.  We  note  certain  undesirable  features  of  both  schemes  which  merit, 
further  study:  ! 

(1)  The  siphon  between  Tunnels  Nos.  2  and  3  on  the  | 
Ridge  alignment  appears  to  be  very  vulnerable  \ 
to  loss  of  foundation  support  due  to  ground  j 
failure  or  by  landslides  induced  by  earthquakes.  1 

(2)  The  abutment  conditions  for  the  damsites  so  far  , 
explored  in  the  Canyon  scheme  are  relatively  poor 

and  our  inspection  of  the  samples  recovered  from 
the  drill  hole  in  the  left  abutment  of  Damsite  No.  1 
revealed  the  presence  of  a  thin  layer  of  cohesionless 
material  which  may  be  susceptible  to  marked  loss  of 
strength  during  an  earthquake.  For  planning  purposes, 
we  consider  it  more  desirable  to  devote  any  further 
effort  to  studies  of  other  possible  damsites  along 
the  Canyon  route  rather  than  to  more  detedled  study 
of  those  already  investigated. 

(3)  The  use  of  small  reservoirs  in  this  area,  where  there 

is  such  a  large  danger  of  landslides  during  earth-        1  ; 
quakes,  introduces  severe  hazards  from  the  following 
points  of  view: 

(a)  A  small  reservoir  may  be  largely  filled 
by  an  earthquake- induced  landslide. 

(b)  Such  a  slide  may  cause  overtopping  of 
dams,  and, 

(c)  Slide  debris  may  damage  the  pumping  system. 
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3.  Of  the  various  schemes  proposed,  we  feel  that  System  No.  1 
involving  conveyance  of  water  in  a  closed  conduit  for  a  length  of  about 
a  mile  along  the  Garlock  fault  is  the  scheme  most  vulnerable  to  damage 
from  the  point  of  view  of  earthquake  hazards. 

h.  We  note  that  some  consideration  is  being  given  to  location 
of  a  dam  and  reservoir  in  the  vicinity  of  the  Garlock  fault  or  the  North 
Garlock  fault  and  point  out  that  any  offset  occurring  along  these  faults 
would  be  more  hazardous  to  a  dam  than  to  tunnels  across  the  faults. 

5.  We  would  like  to  reiterate  a  statement  from  one  of  our 
previous  reports  that  the  overall  reliability  of  any  scheme  will  often 
depend  more  on  the  detailed  treatment  of  the  engineering  problems  involved 
than  on  the  inherent  hazards  of  any  single  general  alignment. 


I 

i 
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April  8,  1965 


Respectfully  submitted. 


ft 


Dr/k  Hugo'^nioff,  Chai 


Dr.  Clarence  R.  Allen 


n 


Dr^George  W.  Housner 


-il     B^tvv.    [L?^ 


Dr.  H.  Bolton  Seed 


Mr.  N.  D,  Whitman,  Jr. 
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Mr.  William  E.  Warne 


Tehachapi  Crossing, 
European  Trip, 

Alfred  R.  Golze*  April  3-16,  Inclusive 

Chief  Engineer 


On  April  3,  I  departed  for  Zurich,  Switzerland, 
accompanied  by  Don  Thayer  of  the  Department,  David  Miller  and 
Hans  Gartmann  of  SMJM,  Robert  Skinner,  Chief  Engineer  and  General 
Manager  of  M¥D  and  Myron  McBrlde,  Director  of  MWD.   Por  parts  of 
the  trip  in  Europe  we  were  aocompanied  by  Paul  Winn  and  W.  Rockwell 
of  MVfD  engineering  steiff .   Otto  Hartman  of  Motor-Columbus  accompanied 

.i  us  in  Europe  the  first  week  of  the  trip. 

The  purpose  of  the  trip  was  to  examine  the  work  being 
done  in  Europe  for  the  Department  as  part  of  the  pump  progreun  for 
the  Tehachapi  Crossing*   V,'e  inspected  the  pump  models  at  two  of  the 
European  manufacturing  plants,  conferred  with  engineers  of  the  plants 
and  others  associated  with  the  design  and  manufacture  of  high-head 
pumps.  Inspected  high-head  pump  plants  in  operation,  conferring  with 
operating  personnel,  and  visited  the  National  Engineering  Laboratory 
of  Great  Britain  at  Glasgow  for  a  briefing  on  the  Bechtel-MWD  pump 

,  model  test  program. 

'  The  initial  meeting  of  the  group  was  held  in  Zurich  on 

Sunday  evening,  April  4,  at  which  time  the  plans  for  the  trip  were 
discussed  and  agreement  reached  on  details.   Also  at  this  Sunday 

'  meeting  Hans  Gartmann  gave  a  report  on  the  meeting  of  the  Technical 

Advisory  Board  of  IMJM  that  was  held  during  the  previous  week.   The 

I 
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Board  found  that  the  three  types  of  pumpa  under  study  were  all 
satlsfaotory  for  the  Tehaoh&pl  Crossing  in  an  appropriate  lift 
arrangement.  The  Board  found  the  two-stage  double  flow  pump  for 
the  two  lift  soheme  the  best  machine  for  that  lift. 

On  Monday,  April  4  we  went  to  the  plant  of  the  Sulzer 
Brothers  at  Wlnterthiir,  Switzerland.  This  Is  an  old  oompany  going 
baok  to  1834  and  they  have  made  a  number  of  multi-stage  pumps  and 
pipelines  for  high-head  lifts.  They  do  not  do  the  eleotrloal  work 
which  Is  oontraoted  separately  to  eleotrlo  companies  such  as  Brown 
Boverl.  Sulzer  showed  slides  of  pumps  and  pipelines  that  they  had 
built  and  a  film  of  the  plant  In  Wales  oalled  Ffestiniog  for  whloh 
Sulzer  built  all  the  pumps  and  two  of  the  four  penstocks.  This 
plant  uses  two-stage  double-flow  pumps  very  similar  to  that  which 
would  be  used  for  the  Tehachapl  Crossing  on  a  two-lift  basis. 
Sulzer  explained  the  details  of  the  model  that  they  were  testing 
for  the  Department  of  Water  Eesouroes  whloh  Is  a  four-stage  single 
flow  pump.   This  model  test  so  far  had  not  developed  as  high  an 
efficiency  as  expected.  Additional  wont  on  the  model  will  be  done 
to  Improve  the  efficiency  such  as  changing  guide  vanes,  Introduolnji 
tighter  seal  clearances  and  redesigning  the  labyrlth  seal. 

In  the  discussion  at  Sulzer  It  was  brought  out  that  the 
four-stage  pump  proposed  for  the  Tehachapls  has  not  been  used  In 
prototype  In  Europe  although  higher  heads  have  been  handled  very 
well  by  five  stage  pumps  of  similar  design.  The  Sulzer  engineers 
stated,  however,  there  would  not  be  any  major  problem  In  handling 
or  designing  the  four  stage  pump  designed  for  the  Tehachapl  Crosslgi 
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Th«  Suls«r  tnglneers  suggested  the  speolflo  speed  of  the  Tehaohapi 

punp  oould  be  reduced  for  the  single  lift  which  la  tium  would 

require  five  stages  instead  of  four.  It  was  also  brought  out  that 

quality  of  water  used  In  the  pumps  has  an  Influence  on  punp 

perforoanoe,  largely  through  wear  of  the  Impellers.  The  models  in 

Europe  are  being  ^aested  on  good  quality  water  so  that  wear  is  not 

[  oonsidered,  but  at  the  Tehachapl  water  quality  Is  important. 

r  !  Separately,  the  Department  (through  DMJM)  is  running  a  wroi?  test 

!  at  the  Tracy  pumping  plant  of  the  Bureau  of  Reclamation. 

The  general  picture  obtained  from  the  visit  to  the  Sulzer 

plant  was  that  the  four-stage  single  lift  pump  model  being  tested 

I  for  the  Department  showed  that  such  a  pump  oould  be  built  and  that 

it  would  operate  &atlBfaotorlly,  but  that  consideration  possibly 

should  be  given  to  a  five  stage  pump  as  an  alternative  if  the  single 

lift  is  selected  for  the  Orossing. 

On  April  6»  the  group  went  to  Baden.  Swltzerlemd  for  a 

visit  to  the  office  of  Hot«r-Columbus.  Motor-Oolumbus  is  a  sub- 

)\   contractor  for  the  I^peurtment  under  the  I94JM  contract.  They  advise 
I 
1 1  the  Department  on  high-head  pumps  and  represent  the  Department  in  our 

European  model  testing  work.  Motor-Columbus  is  an  older  organization 

made  up  by  the  coabination  of  two  separate  firms:  (1)  the  Motor 

Company  being  a  promoter  of  development  of  electrical  energy  In 

Switzerland,  and  (2)  Columbus  a  financial  organization  supporting 

power  development  schemes  In  Latin  America.   The  two  were  combined 

I  in  the  1920' s  to  form  the  organization  known  as  Motor-Columbus  which 

today  is  an  engineering  organization  engaged  primarily  in  making 
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feaslbllity  studies  for  various  states,  governoenta,  private 
companies  and  utilities  around  the  Korld.   They  have  worlced  in 
practically  all  inportaat  countries  except  the  United  States.   In 
addition  to  preparing  feasibility  reports,  Motor-Columbus  prepares 
specif icatl en?  and  supervises  construction  of  projects,  but  does 
not  actually  do  the  construction  vork. 

Motor-ColuiBbus  repoirted  on  its  considerable  experience 
with  the  engineering  of  high-head  pumping  and  power  plants.  They 
have  had  considerable  work  on  underground  plants  and  penstocks. 
It  was  noted  that  they  follow  a  design  procedure  very  similar  to 
that  being  used  in  the  Departiaent  of  Water  Hesouroes,  Motor-Oolusalr' 
engineers  outlined  in  some  detail  for  the  benefit  of  our  engineers 
the  design  factors  considered  in  construction  of  penstocks  such  as 
the  use  of  new  high-strain  steel,  and  improved  methods  of  grouting 
penstock  liners.  Motor-Oolumbus  was  active  in  the  design  of  the 
first  pump-storage  plants  built  in  Switzerland  30  years  ago  and 
have  pioneered  in  the  design  of  equipment  for  work  exceeding  the 
then  current  experience. 

On  April  7,  the  group  visited  the  offices  ©f  the  J.  M. 
Voith  Company  in  Heidenheim,  Germany.   It  is  another  old  European 
company,  manufacturing  heavy  machinery  and  equipment.   A  briefing 
was  held  with  the  engineers  of  this  company  who  reported  on  their 
extensive  experience  in  designing  and  manufacturing  heavy  duty 
hydro-generating  equipment.   This  company  has  been  active  in  the 
United  States  going  back  before  World  War  I  and  has  worked  around 
the  world.   They  are  presently  constructing  machinery  for  the 

American  River  Power  Plants  of  SMUD. 
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?or  the  Department  of  Water  Reeourees  Volth  hae  nada 
a  model  of  a  tvo^-stsige  double-flow  puop  that  vould  be  used  In  a 
two-lift  scheme  oroselng  the  Tehaehapls.   The  model  test  so  far 
hare  Indicated  an  uneocpoctedly  good  effioiencj  well  above  90 
percent.   In  a  general  disousslon  of  both  the  model  and  high-head 
pvnps  the  Voith  engineers  stated  they  generally  followed  a  rule 
of  about  200  meters  per  stage  of  pump.  ?or  a  1000  foot  lift,  they 
find  that  the  two-stage  double-flow  pump  would  offer  the  greatest 
reliability  end  freedom  from  abraison. 

The  Department's  model  was  witnessed  in  operation  at  a 
slow  speed;  the  high-speed  tests  were  soheduled  to  follow.  The 
entire  setup  wsui  very  business  lilce  and  efficient  in  appearance. 
In  answer  to  questions  from  MWD  representatives  present  as  to 
whether  a  single  stage  pump  oe\ild  be  designed  for  a  900-foot  head, 
the  Voith  en£:inesr8  said  that  such  a  pump  oould  be  designed  but 
that  it  was  beyond  ourrent  ezparienoe  and  the  quality  of  water  wotild 
have  an  influence  on  the  perfozvance.  In  answer  to  a  direct 
question  as  to  what  is  the  best  type  of  pump  for  a  1^000  foot  bead 
for  average  water,  the  Voith  engineers  answered  that  the  two-stage 
double-flow  pump  would  be  their  choice • 

'        On  April  8,  a  visit  was  made  to  the  Lunersee  plant  in 
the  Austria  Alps.  The  Lxinersee  plant  has  five  five-stage  pimps 
with  a  lift  of  3,150  feet  (50^  greater  than  the  Tehachapi  lift). 
The  jramps  were  not  operating  during  our  visit  as  the  plant  was 
operating  on-peak.  In  a  discussion  with  the  Deputy  Plant 
Superintendent,  Mr.  Kuhn,  he  advised  that  the  pump  units  were 
inspected  and  checked  out  eaoh  year,  taking  one  or  two  weeks  eaoh 
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to  do  this.  The  equlpacnt  is  not  disaaatlsd.  ThB   punps  at 
this  plant  oonsist  of  two  made  by  v^olth.  oa«  by  Sulzer  and  tvo 
by  Ssoher-Wyss  (another  aanofaoturer  of  hlgh*head  hydro  equlpneat). 
The  Volth  pinnps  have  had  no  oavltation,  the  Sulzer  puap  had  a 
little  oaTitation,  but  the  Ssoher-Wyss  pump  has  had  suffiolent 
oaTitatlon  to  require  repair  vork. 

In  seven  years  of  operation  at  Lunersee  there  had  been 
no  unscheduled  outage  of  the  puaps  in  sore  than  15*000  hours  of 
operation.  The  pumps  are  started  and  stopped  an  average  of  1,000 
tines  a  year,  but  because  the  generator-iaotors  are  always  spinning 
as  a  reserve  on  the  central  Europe  netvozic,  it  does  not  directly 
eoapare  with  the  Tehaohapi  off^pealc  situation  where  both  the  puap 
and  motors  would  have  to  be  started  daily  from  rest.  Considering 
all  three  malces  of  puaps  at  Lunersee,  the  superintendent  stated 
the  Voith  puaps  are  giving  the  overall  best  perforauice  although 
the  other  two  are  quite  satisfactory. 

After  leaving  the  Lunersee  plant  we  went  to  the  nearby 
Rodund  Plant  which  was  also  in  Austria.   This  plant  has  only  onB 
pump  which  is  a  horizontal  double>flow  two~st&ge  puap  made  by  the 
Toith  Company.   It  puaps  up  a  head  of  3^  aeters  (1,142  feet)..  The 
pump  was  not  operating  during  our  visit.  The  superintendent,  a 
Mr.  T.  Laeugei,  advised  that  there  had  been  no  problems  with  the 
puap,  and  it  had  operated  satisfactorily. 

On  April  9»  we  went  to  Tlerfehd,  Switzerland,  to  the 
Linth-Liaaem  Plaint.   This  is  £in  undergroimd  plant  with  five 
generators  and  two  separate  puaps.  These  puaps  work  against  a  head 

of  559  aeteri,  the  pumps  are  started  on  60  percent  voltage  full  of 
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vat«r.  Th«y  are  «las8«d  as  thra««Btage  alngla.flov  punps.  One  of 
the  punps  was  started  up  dxirlng  our  visit.   It  operated  very 
SBOOthlj  and  very  quietly.   The  capacity  of  each  puap  vaa  about 
140  ofs. 

Also»  on  Apzi^l  9*  we  visited  the  Stsel  Plant  near  Zurich 
In  Sultserland,  vhere  there  are  two  five-stage  single  flow  units. 
'Qiese  are  vertical  punps  connected  to  a  notor  that  Is  also  used 
separately  as  a  generator.  The  aotcr  and  pump  are  connected  by  a 
friction  clutch.  The  punps  are  operating  against  a  head  of  475.8 
meters.  This  plant  has  been  In  operation  since  1946  and  the  pumps 
have  not  been  dismantled  since  their  installation.  Because  of 
suffloient  submergence  there  had  been  no  cavitation.  Also,  with  the 
good  quality  o^  water  available  and  the  relatively  slow  speed 
(500  RPM)  there  had  been  little  erosion,  ^ese  pumps  were  made  by 
Sulzer  Srothers  of  Switzerluid.  One  of  the  punps  was  started  and 
stopped  during  our  visit.  It  was  a  noisy  operation. 

Back  in  Zurich  on  the  evening  of  April  9»  a  meeting  of 
the  entire  group  was  held  to  summarize  the  week's  activity.   I 
expressed  the  view  that  it  was  apparent  from  our  discussions  with 
the  Sulzer  and  Volth  engineers  and  our  visits  to  the  plants  that  a 
good  pizmp  could  be  found  for  any  of  the  six  schemes  under  study  by 
the  Department.  Mr.  Skinner  stated  that  he  generally  agreed  and  he 
expressed  the  view  that  the  two-stage  double-flow  ptinp,  on  the  baeis 
of  the  information  nade  available  to  us«  has  a  few  points  over  other 
pumps.  He  also  recognized  that  civil  engineering  factors  would 
probably  control  the  decision  on  the  lift  to  be  used  at  the  Tehaohapi< 
Myron  McBride  of  KWC  concurred  with  Mr.  Skinner's  view.  At  this 
nseting  there  was  considerable  discussion  of  details  on  such  matters 
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as  the  questions  aa  to  whether  the  ptrnpe  should  he  vertical  or 
horizontal,  how  much  wel^t  should  be  given  to  speolflo  speed,  and 
supplemental  questions  such  as  surge  tanks,  starting  the  pumps  dry- 
er filled  with  water,  the  proper  design  of  the  electric  motors, 
leakage  at  seals,  lahyrlth  design,  etc.  i 

On  April  12,  we  were  In  Luxenburg  for  a  visit  to  the  new 
Vlanden  plant*  This  plant,  40  miles  north  of  the  City  of  Luxenburg, 
Is  connected  to  and  operates  as  part  of  the  central  Europe  Inner- 
connected  system  (10,000  megawatts)  and  Is  controlled  from  Ooblenz. 
A  Mr.  Kass  was  the  superintendent  In  charge. 

The  Vladen  plant  has  nine  pump  units  of  the  two-stage 
double-flow  type  similar  to  that  being  tested  for  the  two  lift 
Tehachapl  Crossing.  These  pumps  operate  against  a  head  of  268  to  29 
meters.  I>urlng  the  time  of  our  visit  seven  units  were  operating  as 
generators.  The  first  unit  started  In  October  1962  and  the  last  in 
October  1964.  Its  pump  number  2  hajB  opt^rated  6200  hours  which  is 
considered  a  maximum  under  the  type  of  operation  at  Vlanden.  The 
pumps  customarily  operate  between  12  midnight  and  6  a.m.  pumping 
water  to  an  upper  basin.  The  water  returns  from  the  upper  basin 
through  separate  generators  for  the  generation  of  power  during  peak 
periods.  The  pumps  were  made  by  Esoher-Wyss  of  Germany,  Volth  of 
Germany,  and  by  one  of  the  French  companies.  The  pumps  have  been 
installed  in  a  horizontal  position  which  has  apparently  caused  no 
problems  such  as  shaft  distortion.  The  plant  is  an  underground  one 
and  in  appesurance  is  similar  to  the  Oroville  generation  machine  hal]| 

There  have  been  no  operating  problems  of  consequence  at 
Vlanden  other  than  some  work  that  is  presently  being  done  on  its 

220 


I 


Mr.  William  B.  Wame  -9- 

Nunber  1  unit,  where  trouble  had  been  encountered  due  to  a  loose 
guide  Tanes.   Its  number  4  unit  was  shut  down  for  Its  annual 
general  nalntenanoe  whloh  la  done  by  Inspeotlon  made  through  oan- 
holei.  We  were  given  the  opportunity  of  examining  this  maintenance 
work  then  In  progress. 

The  group  had  originally  been  Invited  to  go  to  Ffestiniog 
In  Wales  which  is  another  plant  of  the  two-stage  double-flow  type 
slTDllar  to  those  proposed  for  the  two-lift  systea  on  the  Xehaohapls. 
We  were  not  able  to  go  because  of  conflicts  with  other  visitors  at 
the  plant,  so  Instead  the  group  west  to  London  and  on  April  14  paid 
a  visit  to  the  office  of  Kennedy  and  Duncan,  Consulting  Engineers. 
There  we  were  able  to  talk  with  Mr.  Headland,  who  was  the  design 
engineer  for  the  Ffestiniog  plant. 

In  discussions  with  Mr.  Headland,  he  advised  that  the 
pumps  were  Installed  In  a  vertical  position  rather  than  horizontal 
(as  seen  In  plants  In  Europe)  la  order  to  r«^T^oe  the  length  of  the 
building  and  to  give  a  better  setting  of  the  turbines  which  are 
Imbedded  In  concrete.  The  pump  lift  here  Is  1,000  feet  or  500  feet 
per  stage  whleh  he  considers  to  be  a  oo&uervatlve  ratio.  The  pttrnps 
discharge  750  cfs  and  they  do  not  have  any  water  quality  problem. 

Manufacturing  of  the  Ffestiniog  equipment  was  done  on  a 
competitive  basis  and  the  award  for  the  equipment  was  given  to  the 
English  Electric  Company  with  a  sub-contract  to  Sulzer  Brothers  In 
Switzerland.  English  Electric  was  responsible  for  the  Installation 
and  performance.  Most  of  the  equipment  was  manufactured  In  Zngland 
under  Sulzer  designs.  The  model  teste  were  made  by  Sulzer  and  showed 
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an ettioXenoy  of  90.3  percent,  niey  hare  not  made  any  aoeeptanee 
teste  In  the  field  on  the  IndlTldual  units  Imt  have  oheeked  the 
plant  for  overall  effieleney«  vhleh  Is  satl«faetor7  to  then. 

She  first  unit  has  been  in  seryiee  since  the  end  of  1961 
and  the  last  from  the  end  of  1962.  !Riere  has  heen  some  slight 
eavltatlon  on  the  first  stage  impellers  due  to  Imperfeotions  of 
blade  finish.  Aside  from  the  work  done  for  the  Ffestiniog  Plant » 
Kennedy  and  Danoan  do  general  engineering  fiotk   In  the  field  of  high* 
head  oonstruotion  plants.  They  are  particularly  well  equipped  to 
follow  progress  and  to  do  inspeotion  work  at  plants  in  Europe.  It 
would  appear  that  If  the  Department  should  eventually  oentraot  for 
overseas  manufacturing  of  hydro  or  eleotrlml  equipment  that  Kennedy 
and  Dunoan  ml^t  be  a  good  representative  to  do  the  neoessary 
inspeotions.  13iey  will  furnish  brochure  material  on  their  inspeotion 
services . 

In  commenting  on  the  Ffestiniog  Plant,  Mr.  Headland  said 
that  if  he  had  it  to  do  over  again  there  would  be  very  little  that 
would  be  changed.  He  Is  convinced  that  the  two-stage  double-flow 
plant  Is  undoubtedly  the  best  design  for  this  particular  station 
wi-tii  a  lift  and  water  quantity  as  dictated  by  the  site  selection. 

On  April  15  ^e  group  met  at  the  national  Engineering 
Laboratories  at  East  Kilbride,  Scotland.  Bere  the  gi^up  was  a 
guest  of  !me  Metropolitan  Water  District  and  the  Bechtel  Oorp. 
Bechtel  had  arranged  a  program  of  model  testing  of  assorted  pumps 
at  the  NSL.  The  models  were  collected  from  both  I^irope  and  America 
wherever  available  and  were  those  made  originally  for  pumps  designed 
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sone  years  ago  and  in  no  vaj  were  diraotly  related  to  the 
Tehaohapi  Crossing  requirements.   The  intended  benefit  of  the 
Beohtel  program  ifas  to  find  out  the  relationship  between  speoifio 
speeds  for  different  types  of  pumps  and  to  get  some  idea  of 
quality  eotaparisons  between  the  different  manuf aoturers . 

Dr.  Spenoer  uho  was  in  charge  of  the  program  at  the 
laboratory  explained  the  liork  in  soae  detail  and  reported  on  the 
progress  made  to  date.  As  far  as  the  ^t«te  Water  Fro^eot  is 
eonoemedy  the  principal  items  of  interest  related  to  the  finishing 
or  polishing  of  models  as  related  to  the  type  of  finish  obtained 
on  prototypes.  The  question  of  specific  speeds,  and  their 
importance  to  model  and  pump  design  again   came  up*  and  it  is 
evident  there  is  oonsiderable  difference  of  opinion  among  the 
teoihnioal  experts, somt  holding  that  speoifio  speeds  are  not  very 
meaningful  and  others  that  they  are  a  vital  factor  in  pump  design. 
It  seemed  to  be  agreed,  however,  that  revolutions  per  minute  (rpm) 
was  a  more  realistic  approach  to  a  model  perfortnanoe  than  the 
specific  speed  which  is  an  artificial  number  derived  by  formula. 

The  future  program  at  KSL  was  discussed.  They  are  going 
ahead  with  testing  new  models  ordered  by  M^D  of  three  different 
single-stage  pumps  to  be  used  for  a  1,000  foot  head,  which  is  well 
beyond  any  experience  of  this  type  of  pump  to  date.  There  will  not 
be  any  r^isults  of  this  test  available  in  sufficient  time  to  be  use- 
ful to  us  at  the  Tehaohapis.   It  was  generally  agreed  by  the 
professors  and  the  engineers  present  that  use  of  the  single-stage 
for  a  two-lift  at  the  Tehaohapis  is  not  practical  at  this  stage 
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of  pump  development.  However,  Metropolitan  vante  their  models 
tested  for  possible  future  use  at  plants  other  than  the  Tehaohapis. 

I  have  agxreed  to  release  to  N£L  at  M¥D*s  expense  the 
Departnent's  three  nodels  for  further  testing  by  N£L  to  get 
oonparatlTe  data  froa  one  single  laboratory.  It  la  not  expected   i 
that  suoh  testing  vould  do  suoh  more  than  o€»npare  the  eapabllltles 
of  the  three  aanufaoturlng  plants.  This  testing  of  the  D«R  aodels 
at  NEL  Hill  be  done  after  the  IMJK   prograa  is  completed  next  x all« 

An   inspeetlea  of  the  Vutional  Engineering  Laboratory 
indicated  it  to  be  one  of  the  best  equipped,  if  not  the  best 
equipped  hydrology  laboratory  in  the  vorld.  Its  only  limitation 
has  been  its  eapability  to  do  high  head  turbine  and  puap  testizig. 
SlIs  is  being  oreroone  by  the  installation  of  a  large  heavy  duty   j 
aotor  by  MWB  to  provide  the  power  needed  for  the  handling  of  the 
large  size  aodele.  At  the  time  of  our  visit,  the  laboratory  haxl 
\mder  test  a  nodel  furnished  by  the  Byron-Jadcson  Company  which 
t\imed  out  to  be  the  model  they  used  for  the  original  pumps  at 
Orand  Coulee  15  years  ago. 

There  was  considerable  crossoquestioning  between  the 
visiting  engineers  and  the  laboratory  staff  on  details  of  model 
aanufaoturing,  step-up  formulas,  prototype  finishing,  specific  apeeo 
and  relationship  between  effioienoies  determined  by  NEL  compared  to 
effioienoies  determined  by  the  manufacturers. 

The  visit  to  the  N£L  oonoluded  the  trip  of  the  group.  A 
separate  report  will  be  submitted  by  Mr.  Thayer  which  will  oover  the 
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Mr.  William  E.  Warne  -13-  ^^^  ^3W8S 

techslo&l  details  that  were  disouaaad  at  tht  diffarent  naatinga 
and  obaarrad  during  tha  Inapeotion  of  the  varioua  plants  and 
faoilitiea. 

In  general  it  was  ascertained  that  there  is  no  serious 
divergency  of  yiews  between  the  engineers  of  the  Lepartaent  of 
Water  Resouroes,  IMJM^  MWD,  and  the  Beohtel  Corp.  relative  to  the 
performance  of  the  pumps  and  their  suitability  for  the  different 
lifts  being  eonsidtrsd  by  the  Department.  It  seens  probable  that 
the  double-flow  two-stage  puap  Is  best  suited  for  the  two-lift 
pumping  lift  and  the  four-stage  pump  will  perform  adequately  for 
a  single  lift  crossing  of  the  Tehaohapls.  The  four-stage  might, 
however,  be  modified  to  a  fiYe->stage  pump.  The  question  of  which 
puap  to  use  will  depend  on  the  lift  selection  which  will  be 
influenced  greatly  by  civil  engineering  matters. 

The  trip  as  a  whole  was  profitable,  not  only  in  completing 
the  experience  background  necessary  to  a  full  understanding  of  the 
pumping  situation,  but  also  as  a  means  of  securing  a  coordination 
of  thinking  among  the  various  parties  of  interest  with  the  hope  that 
when  the  final  decision  is  made  it  will  be  in  genersd  agreement 
with  the  oonoluslons  of  the  various  engineers  and  responsible 
officials  ooncemed. 


00 ;  Mr.  H.  G.  Dewey,  Jr. 
Mr.  D.  P.  Thayer 
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1.  Mr.  Alfred  R.  Qolze* 

2.  Kr.  WllllaB  S.  Warne 


April  28,  1965 


Donald  P.  Thay«r 


Tehachapl  Crosolng, 
European  Trip, 
April  3-16,  Inclxisive 


Reference  la  nade  to  Mr.  Ck>lze*s  meBorandiin  to 
Mr.  Wame  of  April  23,  19^3 #  eame  subject. 

There  is  attached  my  report  on  the  subject  trip, 
This  is  the  report  to  which  Mr.  Oolze*  referred  in  the  last 
paz*asraph  on  page  12  of  his  report  referenced  above. 


Attachment 

cc:  H.Q.Dewey, Jr. 
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INSPECTION  TRIP  IN  EUROPE  APRIL  5  TO  APRIL  l6,  I965 
by  Donald  P.  Thayer 

This  trip  was  made  for  the  purpose  of  Inspecting  the  pump 
research  and  development  model  testing  subcontracts  being  conducted 
by  the  Sulzer  Bros.  Company  of  Wlnterthur,  Switzerland,  and  the  Volth 
Manufacturing  Company  of  Heldenhelm,  Germany,  under  subcontract  from 
Daniel,  Mann,  Johnson,  and  Mendenhall,  who  are  conducting  this  study 
for  the  Department.   At  the  same  time.  Inspection  was  made  of  five 
high  head  pumping  Installations  In  Europe,  which  were  considered 
particularly  pertinent  to  the  study  of  the  Tehachapl  Pumping  Lift. 

Those  taking  part  In  the  Inspection  were  as  follows  : 

For  the  Department  of  Water  Resources 

Alfred  R.  Golze ' ,  Chief  Engineer 
Donald  P.  Thayer,  Deputy  Dlvlelon  Engineer, 

Design  and  Construction 
T.  W.  Troost,  Chief,  Mechanical-Electrical  Section 
John  Parmaklan,  Consultant 

For  Daniel,  Mann,  Johnson,  and  Mendenhall 

David  R.  Miller,  Vice  President 
Hans  Gartmann,  Project  Engineer 

For  the  Metropolitan  Water  District 

R.  A.  Skinner,  Chief  Engineer  and  General  Manager 

Myron  McBrlde,  Director 

W.  Paul  Winn,  Senior  Engineer 

E.  W.  Rockwell,  Chief  Electrical  Engineer 

Certain  of  the  above-mentioned  individuals  did  not  take 
i  part  in  certain  inspections,  as  will  be  noted  subsequently  under  the 
■  account  of  each  Inspection.   Complete  statistical  data  on  the  various 
;  pumping  plants  inspected  are  included  in  the  Interim  Report, 
;  "Investigation  of  High  Head  Pumping  Practice  in  Europe,  October  1964", 
i  by  Daniel,  Mann,  Johnson,  and  Mendenhall. 

i  Sulzer  Bros.  Plant,  Winterthiir,  Germany 

'  At  this  plant,  we  were  greeted  by  Mr.  George  Sulzer,  one 

i  of  the  partners  and  by  the  following  officials  who  took  part  in  the 
1  conferences  : 

Felix  Von  Wagner,  Contract  Manager 

Rene'  Strub,  Vice  Director 

Mr.  Florjancic,  Chief  Hydraulic  Research  Test  Engineer 

Mr.  Canonica,  Chief  Engineer,  Pumps 

Mr.  Rloult,  Manager,  Turbo  Machinery 

Mr.  Due,  Project  Engineer 

Mr.  Thomae,  Test  Engineer 
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Inspection  Trip  In  Europe 

April  5  to  April  l6,  1965  (Cont'd.) 


The  first  part  of  the  meeting  In  the  cuinpany  auditorium  was 
devoted  to  a  general  orientation  of  the  activities  of  the  Sulzer  Bros. 
Company.   After  this  preliminary  briefing  we  adjourned  to  the  confer- 
ence room,  where  the  matter  of  the  tests  now  under  way  was  discussed. 
The  meeting  covered  various  design  features  associated  with  multi-stag 
pumps.   The  various  components  assembly  and  clearances  were  described 
by  the  Sulzer  representatives  and  discussions  were  held  on  various 
types  of  pumps.   In  response  to  questioning,  the  Sulzer  representative 
Indicated  that  design  of  the  multi-stage  pump  has  been  proven  out  by 
experience  and  would  be  the  most  conservative  for  the  Tehachapl 
Crossing.   They  Indicated  also  that  they  would  model  test  single- 
stage  pumps  at  975  head  and  they  believe  that  such  pumps  would  be 
satisfactory.   However,  they  could  only  base  such  predicted  satis- 
factory performance  on  model  testing  alone  as  they  had  not  built 
any  single-stage  pumps  at  this  high  head  per  stage.   They  mentioned 
their  test  work  on  the  Cruachan  Pump  models  but  these  machines  have 
not  been  built  or  placed  in  operation  yet.   They  indicated  there  would 
be  more  seal  maintenance  for  the  higher  head  per  stage  pumps  and  this 
would  be  dependent  to-  a  great  extent  on  the  amount  of  abrasive  materia 
in  the  water. 

They  saw  no  problem  in  designing  the  water  passages  to 
accommodate  the  313  cubic  feet  per  second  flow  for  the  Tehachapl 
pump,  and  as  far  as  specific  speed  is  concerned,  it  was  indicated 
that  this  could  vary  5  percent  up  or  down  and  our  present  model  test 
work  would  still  be  applicable. 

Sulzer  has  also  started  preliminary  runs  at  the  higher 
speeds  of  2300  rpm.   This  corresponds  to  a  prototype  head  of 
1287  feet.   The  head  capacity  relationships  were  in  accordance  with 
the  predicted  values  and  the  cavitation  was  lower  than  the  predicted 
values.   The  cavitation  break  point  occurs  at  approximately  ^8  feet 
Impeller  submergence  which  is  lower  than  the  predicted  value  of 
55  feet  used  in  our  preliminary  studies.   At  the  time  of  the 
preliminary  start-up  runs,  efficiencies  of  87.7  percent  had  been 
obtained. 

In  connection  with  these  runs,  they  had  shaped  the  inlet 
surface  of  the  vanes  to  eliminate  slight  cavitation  which  was  observed 
through  the  inspection  windows  to  the  suction  Impeller  by  use  of  the 
stroboscope  light,  and  subsequent  runs  showed  that  this  had  been 
effective  in  eliminating  the  slight  cavitation  formation.   In  the 
final  runs,  they  Intend  to  use  a  15-vane  dlffuser  instead  of  the 
12-vane  dlffuser.   They  intend  to  decrease  the  clearance  gradually, 
they  will  finish  the  runner  and  the  water  passages  smoother,  and 
modify  the  labyrinth  seals.   It  is  expected  an  efficiency  between 
88  and  89  percent  will  be  obtained  as  a  result  of  these  changes. 
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Motor -Co  ivunbus  Offices,  Baden,  Switzerland 

On  the  morning  of  April  6,  we  went  to  the  offices  of  the 
Mo tor -Columbus  Company,  where  we  were  met  by  the  following  officials 
and  engineers : 

Dr.  G.  Hunzlker,  Director 

U.  Hochull,  Public  Relations  Officer 

H.  Glger  Engineer 

Otto  Hartmann,  Senior  Design  Engineer  and  Project  Engineer 

J.  Plllet,  Test  Engineer 

After  a  general  greeting  by  Doctor  Hunzlker,  the  history 
and  development  of  the  Motor -Go  lijimbus  Company  was  traced  by 
Mr.  Hochull.   The  formation  of  this  company  dates  from  the  1890's 
by  the  merging  of  the  activities  of  two  companies,  the  Motor  Company 
of  Switzerland,  an  engineering  firm  engaged  in  the  development, 
promotion  of  electrical  powerj  and  the  Columbus  Company,  also  of 
Switzerland,  which  was  engaged  in  the  development  of  power  primarily 
In  the  Latin  American  countries.   Particular  emphasis  was  given  to 
their  activities  in  connection  with  high  head  pumping  installations 
and  particularly  pumped  storage.   Mention  was  made  of  one  of  the 
earlier  pumped  storage  projects  in  Switzerland,  which  was  installed 
In  190^.   The  activities  of  the  company  are  strictly  in  engineering, 
similar  to  engineering  firms  in  the  United  States.   They  engage  in 
preliminary  planning,  design,  and  supervision  of  construction  of  the 
various  hydroelectric  projects. 

Mr.  Fillet,  who  is  charged  with  overseeing  the  model  test 
work  for  the  Tehachapl  Pump  Lift  now  being  conducted  in  Europe,  gave 
a  brief  description  of  the  work  under  way.   This  will  not  be  repeated 
here  as  it  Is  Included  under  the  two  headings  in  the  report  pertaining 
to  the  model  test  work  being  conducted.   In  this  connection,  particular 
attention  was  directed  to  the  problem  of  starting  the  large  pumps. 
This  is  a  problem  which  will  be  present  regardless  of  the  pumping 
scheme  adopted  and  can  be  approached  and  solved  separately.   Further 
reference  to  this  problem  and  four  possible  solutions  is  made  in  the 
following  section  reporting  on  the  conference  in  Heldenhelm,  Germany. 

Voith  Plant,  Heldenheim,  Germany 

On  April  7,  we  assembled  in  the  conference  room  of  the 
Voith  hydraulic  laboratory  and  were  greeted  by  the  following  officials 
and  engineers : 

G.  Wernicke,  Deputy  Director  of  Turbine  Department 

Dr.  R.  Dziallas,  Chief  of  Hydraulic  Research  Department 

H.  Philipsen,  Chief  of  Project  Department 

0.  Duscha,  Chief  of  Design  Department 

Dr.  W.  Thuss,  Deputy  Chief  of  Hydraulic  Research 

Dr.  W.  Schramek,  Chief  of  Pump  Test  Group 

H.  Offenhauser,  Test  Engineer 

H.  Schleicher,  Project  Engineer 

F.  Wolfram,  Project  Engineer  (Hydraulic) 
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In  an  opening  statement,  Vjt .    V/ernicke  traced  the  develop- 
ment of  the  Volth  Company  and  the  general  scope  of  their  work.   They 
started  originally  with  the  manufacture  of  paper-making  machinery  and 
through  this  got  into  the  field  of  manufacturing  hydraulic  machinery. 

Dr.  Dziallas  then  gave  a  general  description  of  the 
laboratory  setup,  and  of  the  work  which  had  been  performed  in 
connection  with  the  Tehachapi  Research  and  Development  Contract. 
The  laboratory  is  equipped  with  a  dynamometer  with  a  power  of 
150c  kilowatts,  with  a  speed  of  from  15CC  to  75C  rpm.   This  djma- 
mometer  is  cradeled  on  oil  pressure  lubricated  bearings  and  is 
sensitive  to  approximately  20  gram  meters  torque.   The  volumetric 
measurement  is  calibrated  to  a  measured  storage  tank  and  is  within 
the  accuracy  of  one  tenth  percent.   Speed  is  measured  by  an  electronic 
counter  of  revolutions.   The  overall  accuracy  of  the  experiment  is 
expected  to  be  plus  or  minus  0.2  percent. 

The  matter  of  pump  efficiencies  was  discussed  and 
Dr.  Dziallas  said  that  the  preliminary  test  model  efficiency  now 
obtained  with  the  model  operating  at  a  reduced  speed  of  15OO  rpm 
was  90.6  percent.   From  this  he  expected  to  achieve  a  prototype 
efficiency  of  from  92  to  92.5  percent.   Asked  if  the  company  would 
guarantee  some  such  efficiency,  he  answered  in  the  affirmative,  but 
pointed  out  that  field  measurements  were  subject  to  considerable 
more  error  probably  in  the  neighborhood  of  1.2  percent. 

In  a  discussion  of  materials,  it  was  stated  that  for  the 
Lunersee  Plant  they  had  used  26  Gr-2C  cast  steel  for  the  labyrinth. 
As  will  be  noted  under  the  discussion  of  the  Lunersee  Plant,  these 
labyrinths  developed  excessive  leakage  which  was  probably  due  more 
to  the  drop  in  head  across  each  stage  of  the  labyrinth  seal  than  to 
the  material  employed.   They  are  now  using  a  stainless  steel 
13  Cr-4Ni  for  similar  work. 

In  reply  to  questions  concerning  delivery  time,  it  was 
stated  that  I8  to  20  months  were  required  for  the  Vianden  pumps  and 
that  probably  eight  months  would  be  required  for  the  model  study 
preceding  the  manufacture. 

In  reply  to  a  direct  question  by  Mr.  Skinner  regarding  head 
per  stage.  Dr.  Dziallas  stated  that  there  was  no  doubt  in  his  mind 
that  it  would  be  practicable  to  construct  a  pump  with  a  36O  meter 
head  per  stage.   It  must  be  noted,  however,  that  this  reply  is 
necessarily  conditioned  upon  certain  considerations  of  water  quality 
which  probably  more  than  anything  else  contributes  to  difficulties  in 
high  pressures  across  the  seals  and  labyrinths.  M 

In  reply  to  a  question  by  Mr.  John  Farmakian,  the  following 
table  was  set  up  on  the  blackboard  and  filled  in  by  Dr.  Dziallas: 
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ITEM 

TYPE 

1  St. 

1  St. 

2  St. 

4  St. 

1  St. 

Discharge,  cfs 

SS 

SS 

ds 

SS 

ds 

556 

556 

556 

342.5 

. 

Head  Per  Stage 
Feet 

650 

975 

488 

488 

975 

Speed,  RPM 

514 

600 

600 

600 

- 

Specific  Speed 

2009 

1724 

2049 

2170 

1724 

Prototype 
Efficiency 

0.92  ± 
.003 

0.9li 
.003 

0.92 

0.90i 
.003 

0.92 

Plant  Sigma 

NO 

ESTIM 

ftTE   WAS 

MADE 

Availability 
(Against  Non- 
scheduled 
Outage) 

SAME 

VALUE 

FOR 

\LL   PUM] 

S 

1 

i 
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Following  the  conference  an  Inspection  of  the  laboratory 
was  made.   The  two -stage  double  suction  pump  was  seen  operating  at 
a  reduced  speed  of  1500  rpm.   This  model  had  been,  damaged  by  a  piece 
of  Iron  being  carried  Into  the  pump  under  a  reverse  flow  test  which 
damaged  the  Impeller.   Repairs  were  completed  on  the  morning  of  our 
visit  and  In  the  afternoon  the  model  was  operating.   At  the  time  of 
this  Inspection,  Dr.  Dzlallas  called  our  attention  to  an  aerodynamic 
model  they  were  operating  for  Investigation  of  conditions  In  the 
suction  Inlet  of  the  pump.   This  was  done  In  an  effort  to  design  the 
most  efficient  Inlet  piece.   These  Investigations  were  both  quantitative 
and  qualitative.   The  latter  Included  Investigation  of  vortices  wlthli 
the  suction  eye  which  would,  of  course,  reduce  the  efficiency  and  the' ; 
steps  that  were  taken  to  modify  the  model  to  eliminate  these.   At  the' ; 
time  of  our  visit,  the  construction  had  been  very  nearly  perfected. 
Only  one  small  part  remained  where  corrective  steps  were  found  to  be 
necessary. 


Following  the  Inspection  of  the  laboratory,  a  brief  tour  '  '^'j" 
of  the  manufacturing  plant  was  made.  This  plant  Is  very  well  equlppec  '^ 
with  good  production  machinery,  although  some  of  It  Is  quite  old.  '^' 
The  large  boring  mill  In  the  plant,  approximately  30  feet  In  diameter ;' r^^ 
has  a  date  of  1929  on  It.  This  machine  survived  the  war  and  was  left  ! 
In  place  at  the  direction  of  the  occupying  forces.  All  this  machinery |!2 
Is  In  good  condition  and  Is  evidently  producing  satisfactory  work. 
Incldently,  at  this  plant  It  was  noted  that  parts  for  the  Pelton 
wheels  for  the  American  River  Development  were  being  crated  and  loadec 
on  railway  cars . 


General  Discussion  of  Model  Results 


In  this  section,  I  will  make  a  preliminary  comparison  of 
the  pump  performances  revealed  by  the  tests.   It  must  be  realized 
that  these  are  preliminary  and.  In  case  of  the  work  carried  out  at 
the  Sulzer  Plant  and  the  Volth  Plant,  are  on  the  basis  of  operation 
at  reduced  speed.   The  results  obtained  at  the  Byron-Jackson 
Laboratory  In  Los  Angeles  were,  of  course,  not  observed  but  are 
reported  to  me  by  DMJM.   For  the  conversion  from  observed  model 
efficiencies  to  expected  prototype  efficiencies  there  are  at  least 
eight  "step-up"  formulae  In  use.   Mr.  Parmaklan  takes  the  position 
that  each  laboratory  adopts  a  certain  step -up  formula  that  It  has 
found  to  best  correlate  its  work  with  observed  prototype  efficiencies.! 
For  the  purpose  of  making  the  comparison  In  the  following  tabulation, 
however,  I  have  adopted  uniformly  the  Moody  formula  with  the  exponent 
of  1  .   This  step -up  formula  seems  to  have  correlated  a  large  n\imber 

of  experiments  rather  satisfactorily.   The  observed  model  efficiencies 
and  the  expected  prototype  efficiencies  calculated  In  this  way  are 
given  below. 


la 
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Probable 
Prototype 
Type  of  Pmnp      Model  Efficiency       Efficiency 

1  St.  33  91.2  92.9 

2  St.  ds  90.6  92.4 
4  St.  S3            88.1  91.0 

|i 

The  above  model  results  are  believed  to  be  quite  comparable, 
ill  three  laboratories  have  been  carefully  checked  over  and  calibrated 
)y  Professor  Leslie  Hooper ^  employed  by  DMJM  for  this  specific  purpose. 
Vs  far  as  I  can  see  at  this  time  the  one  possible  discrepancy  Is  the 
mrface  finish  of  the  model  made  by  Sulzer  Bros.   This  model  Is  not  as 
ilghly  polished  In  the  water  passages  as  the  other  models  and  may 
contribute  to  a  slightly  lower  efficiency.   In  order  to  bring  the 
-esults  more  In  line,  the  Sulzer  Bros.  Company  has  agreed  that  they 
vlll  reflnlsh  the  svirfaces  of  the  water  passages  of  their  model  more 
In  conformity  to  the  other  model  so  that  a  direct  comparison  may  be 
(lade.   It  Is  expected  that  this  will  be  done  In  about  four  weeks. 

iJunersee  Pump  Storage  Plant 

This  plant  has  five,  five-stage  single  suction  vertical 
oumps  operating  under  a  head  of  3150  feet.   Each  pump  has  a  power 
iemand  of  58,000  hp  discharging  l44  cfs,  operating  at  750  rpm.   Two 
)f  the  pumps  are  manufactured  by  Escher-Wyss,  two  by  Volth,  and  one 
3y  Sulzer  Bros. 

The  plant  was  placed  In  operation  in  1958.   Both  the 
iScher-Wyss  and  the  Volth  pumps  were  disassembled  shortly  after 
original  Installation  and  the  Impellers  modified  to  bring  the  discharge 
ip  to  specifications.   No  work  was  done  on  the  Sulzer  Bros.  pump. 
!\fter  this,  none  of  the  units  have  been  disassembled  and  there  have 
,3een  no  unscheduled  outages  on  account  of  pump  performance.   There 
lave  been  annual  Inspections  of  the  suction  Impellers  through  the 
nanholes  provided  In  the  casing.   There  was  evidence  of  slight  cavlta- 
:lon  on  the  suction  Impeller  of  the  Sulzer  pump  which  was  corrected 
Dy  surface  finishing;  no  welding  was  performed. 

The  pumps  have  operated  approximately  15,000  hours  since 
Installation  of  the  plant  to  date.   In  spite  of  this  comparatively 
low  plant  factor  for  the  pumps,  Mr.  Kuhn,  Plant  Superintendent, 
emphasized  that  no  maintenance  work  could  ever  be  done  during  the 
iown  periods  Inasmuch  as  the  units  were  on  continuous  standby  subject 
:o  operation  at  any  moment  on  call  from  the  central  load  dispatcher 
Tor  the  Western  European  grid  located  at  Cologne. 

Tliere  has  been  a  large  Increase  In  the  labyrinth  seal 
leakage  on  the  two  Volth  pumps  up  to  maximum  of  117  and  15^  liters 
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per  second,  respectively.   The  amount  of  leakage  upon  original 
Installation  Is  not  known  but  probably  was  In  the  neighborhood  of 
one  quarter  of  this  amount.   On  the  Sulzer  pump  the  similar  leakage 
has  Increased  from  49  liters  per  second  upon  Installation  to  61  liters 
per  second  at  the  present  time.   An  examination  of  the  details  of  the 
pump  showed  that  the  Volth  pumps  have  a  stepped  labyrinth  with  7  laby- 
rinth passages  while  the  Sulzer  pump  has  the  conventional  Interf ingerel 
labyrinth  with  13  recesses.   The  greater  Increase  In  the  leakage  In 
the  Volth  pumps  may  be  attributed  to  the  greater  head  differential 
developed  over  each  labyrinth  passage  as  compared  to  the  Sulzer  pvunp. 

The  pumps  are  started  with  the  casing  filled  against  a 
closed  discharge  valve  by  means  of  the  hydraulic  torque  converter 
coupling  connecting  the  shaft  of  the  motor -generator  and  the  Pelton 
wheel  with  the  pump.   When  the  pump  has  been  brought  up  to  synchronous 
speed  this  coupling  Is  rigidly  locked  with  a  sliding  Jaw  and  the 
torque  converter  Is  drained.   At  this  point  the  discharge  valve  Is 
opened  and  the  pump  goes  Into  normal  service.   This  change-over  Is 
accomplished  quite  smoothly  and  In  about  two  minutes'  time. 

Mr.  Kuhn  pointed  out  that  the  breakers  on  this  system  are 
arranged  for  automatic  recloslng  after  delay  of  0.4  seconds.   On 
this  momentary  Interruption  the  motors  do  not  drop  out  of  step  but 
pull  back  Into  synchronization  after  breakers  reclose.   The  motors 
are  the  solid  pole  construction  which  Is  prevalent  In  European 
practice  but.  In  this  case,  with  a  portion  of  the  pole  face  made  of 
laminations  and  fitted  with  ammortesseur  bars. 

Rodund  Plant 


In  the  afternoon  of  April  8,  under  the  direction  of 
Mr.  Lauger,  the  Plant  Superintendent,  we  visited  the  Rodund  Power 
Plant.   There  Is  Installed  In  this  plant  a  horizontal  two -stage 
double  flow  pumping  unit  of  53^600  hp  operating  at  500  rpm.   This 
unit,  manufactured  by  Volth,  delivers  353  cfs  against  a  head  of 
l,l48  feet.   This  pumping  unit  was  placed  In  operation  In  1952,  and 
since  that  time  has  performed  adequately  with  only  normal  maintenance 
work  being  performed. 

Tlerfehd  Plant 


April  9,    1965  -  This  plant  was  Inspected  under  the 
direction  of  Mr.  Bochtiger,  Plant  Superintendent.   This  plant  is 
primarily  a  power  plant  but  has  installed  two  pumping  units  for  the 
delivery  of  water  from  a  low  level  reservoir  to  a  high  level  reservol: 
when  the  Inflow  exceeds  that  which  can  be  used  in  generating  power 
from  the  low  level  reservoir.   The  pumping  units  are  three -stage 
single  flow  pumps  of  22,800  hp,  operating  at  1,000  rpm,  delivering 
97  cfs  against  a  head  of  1,775  feet.   Of  special  note  is  the  fact 
that  the  suction  pressxare  Is  1,558  feet  so  that  the  maximum  head  on 
the  pump  casing  is  3^330  feet.   This  is  one  of  the  highest  heads 
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encountered  in  any  of  the  pumping  plants. 

The  pumping  units  are  started  under  60  percent  voltage 
with  the  casings  filled  with  water  and  against  a  closed  discharge 
valve.   Actual  observation  of  this  starting  procedure  showed  It  to 
be  one  of  the  smoothest  of  any  that  we  had  witnessed. 

These  units,  manufactxared  by  Sulzer  Bros.,  have  been  In 
operation  for  a  little  over  a  year  and  the  two  units  have  operated 
800  hours  and  6OO  hours,  respectively.   This  comparatively  short 
period  of  operation  precludes  any  estimate  being  made  of  the 
maintenance  work  which  might  be  required.   Of  course,  the  high 
suction  pressure  precludes  the  possibility  of  there  being  cavitation 
on  the  suction  Impeller. 

Etzelwerk  Plant 

On  the  afternoon  of  April  9,  I965,  we  visited  this 
plant  under  the  direction  of  Mr.  Zlegler,  Plant  Superintendent. 
This  Is  one  of  the  older  plants,  having  been  placed  In  operation 
originally  In  19^7.   It  has  four  Felton  wheel -driven  generating 
units  and  two  Pelton  wheel-driven  generating  and  pumping  units. 
One  half  of  the  plant  Is  connected  to  the  power  grid  and  the 
other  half  Is  devoted  to  the  single-phase  railway  system  which 
operates  at  6-2/3  cycles  per  second.   This  establishes  the  highest 
possible  speed  of  the  storage  pump  as  5OO  rpm.   The  pumps  are 
five-stage  single  suction  vertical  units  operating  against  a  head 
of  1,47!:)  feet  delivering  92  cfs  and  113  cfs,  respectively  and 
requiring  20,100  hp  and  25,500  hp,  respectively.   The  pumps  are 
located  below  the  Pelton  wheels  and  are  connected  to  the  shaft 
by  means  of  a  jaw  coupling,  manually  controlled.   A  turning  gear, 
to  bring  the  jaw  coupling  Into  coincidence.  Is  also  manually 
controlled.   The  connection  Is  made  at  standstill  before  each  cycle 
of  pumping  operation. 

The  pumps  are  started  with  the  casing  full  against  a 
closed  discharge  valve  by  admitting  water  to  the  Pelton  wheel 
after  the  units  have  been  coupled  together.   Upon  being  brought 
to  synchronous  speed  the  field  of  the  motor  Is  energized  and  the 
Pelton  wheel  is  shut  off  and  the  discharge  valve  opened.   This  is 
a  somewhat  time  consuming  operation  and  is  noisy,  but  It  has 
evidently  been  satisfactory.   Evidently  no  serious  operating 
difficulties  have  been  encountered  although  the  operation  is 
somewhat  cumbersome  due  to  the  Inherent  features  of  the  design 
as  noted  heretofore.   The  two  pumps  have  operated  l8,350  hours 
and  ?2,840  hours,  respectively,  with  approximately  200  starts 
per  year.   The  pumps  were  manufactured  by  a  joint  venture  of 
Sulzer  and  Escher-Wyss,  the  latter  firm  manufacturing  the  couplings. 

Conference  at  Zurich 

On  April  9,  following  our  return  to  Zurich,  Mr.  Golze' 
called  a  conference  in  the  evening  to  discuss  the  inspections  we 
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had  made  during  the  week.   Mr.  Golze'  called  upon  each  of  the 
conferees  In  tvirn  as  to  their  Impressions  and  conclusions  drawn 
from  the  Inspections. 

In  response  to  Inquiry  Mr.  Skinner  stated  that  the  two- 
stage  double  flow  pump  seemed  to  perform  exceptionally  well,  both 
In  the  prototype  Installations  and  In  the  model  which  was  constructed 
by  Volth  at  Heldenhelm.   He  thought  that  this  would  probably  be  a 
proper  p\imp  to  select  for  the  two -lift  system.   He  further  stated 
that  If  the  condition  Indicated  that  a  single  lift  system  should  be 
adopted,  that  the  four-stage  pump  would  probably  be  satisfactory. 
He  expressed  a  little  disappointment,  which  I  think  was  shared  by 
everyone,  that  the  efficiency  of  the  four-stage  pump,  as  now  being 
model  tested  by  Sulzer,  came  out  rather  low.   In  the  conference 
at  Wlnterthur,  Mr.  Strub  had  stated,  however,  that  this  was  probably 
the  best  that  they  could  do  with  the  four-stage  model.   Mr.  Skinner 
expressed  a  preference  which  was  evidently  shared  by  Messrs.  Winn 
and  Rockwell  for  the  horizontal  configuration  of  the  two -stage 
double  flow  pump. 

At  this  point  Mr.  Gartmann  Interjected  his  thought  that 
It  might  be  advantageous  to  have  Volth  make  a  four-stage  model  pump 
with  their  Impellers  and  return  passages.  He  had  proposed  this  once 
or  twice  In  the  past,  but  it  had  so  far  been  rejected  and  the  con- 
sensus, even  at  this  time,  was  that  there  would  probably  be  little 
to  be  gained  by  such  a  procedure. 

Mr.  McBrlde  stated  that  while  he  had  always  had  a  preference 
for  vertical  shaft  piunps  he  could  see  the  advantages  to  be  gained 
by  the  horizontal  shaft  configuration.   At  this  point  It  was  again 
pointed  out  that  the  system  should  first  be  determined  and  the  piimps 
adapted  to  It  rather  than  to  proceed  with  the  pvirap  design  and  make  a 
system  to  fit  the  pumps.   I  pointed  out  that  this  Is  our  present 
procedure  and  that  the  only  reason  for  proceeding  with  the  pump 
model  studies  simultaneously  with  the  system  Investigation  Is  due  to 
lack  of  time. 

In  response  to  Inquiry,  Mr.  Winn  added  little  to  what  had 
been  previously  voiced.   In  general  he  confirmed  the  previous  state- 
ments. 

In  response  to  Inquiry,  Mr.  Rockwell  pointed  out  that  the 
pump  starting  problem  was  probably  one  of  major  significance  which 
had  been  investigated  very  little  up  to  this  point.   He  pointed  out 
there  was  a  serious  disagreement  between  American  manufacturers  as 
to  what  could  be  done  with  starting  these  motors  of  this  size  directly 
across  the  line  and  that  this  again  was  in  variance  with  the 
European  practice.   He  pointed  out  that  this  was  an  additional 
advantage  of  the  two -stage  horizontal  configuration  pump  in  that 
the  casing  could  easily  be  unwatered  for  starting.  He  mentioned 
several  alternatives  for  starting  the  pump  motors  as  follows : 
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1.  Reduced  voltage  starting. 

2.  Starting  with  a  small  Pelton  wheel  coupled 

to  the  pump  shaft. 

3.  Starting  with  an  auxiliary  hydroelectric 

generating  unit  so  that  starting  could  be 
at  zero  frequency. 
H.      Starting  with  an  electrically  driven  generator 
set,  similar  to  3- 

At  this  point  I  stated  that  Item  3  was  already  under  active 
consideration  by  the  Department  and  at  the  moment  appeared  to  be  the 
most  favorable. 

Mr.  Rockwell  thought  that  the  electrical  starting  of  the 
pumps  from  an  independent  local  generator  would  also  assist  in  the 
initial  filling  of  the  penstocks  or  subsequent  filling  of  them 
whenever  they  had  been  drained.   I  was  somewhat  reluctant  to  accept 
such  a  proposition  and  stated  that  we  would  definitely  have  penstock 
filling  pumps  installed.   He  agreed  that  this  would  be  a  better  plan 
and  offered  no  objection. 

In  response  to  inquiry  I  stated  that  I  had  little  to  offer 
at  the  moment.   I  emphasized  that  I  had  no  preconceived  ideas  as  to 
what  the  system  or  the  pump  configuration  should  be  but  that  on  our 
preliminary  studies  it  appeared  that  a  vertical  configuration  would 
be  the  most  advantageous . 

In  response  to  Inquiry  Mr.  Gartmann  stated  that  there  was 
undue  emphasis  on  the  matter  of  specific  speed.  He  pointed  out  that 
this  was  a  design  parameter  and  had  little  or  no  relation  to  the  pump 
reliability  or  wear.  In  his  estimation  a  more  accurate  criterion  for 
reliability  is  actual  rotational  speed  and  the  peripheral  velocity  of 
the  impeller  tip.  The  latter  is,  of  course,  directly  related  to  head 
per  stage. 

At  this  point  Mr.  Skinner  stated  that  since  we  were  going 
to  have  four  pumping  plants  in  series  anyway;  i.e.,  Buena  Vista,  the 
two  Wheeler  Ridge  plants,  and  one  Tehachapl  plant,  adding  another 
plant  should  not  increase  the  problems  materially.   I  pointed  out 
that  there  was  more  storage  available  between  the  other  plants,  say 
in  the  order  of  1-1/2  or  2  hours  but  that  the  storage  between  the 
two  plants  of  Tehachapl  lift  would  necessarily  be  extremely  limited; 
we  had  tentatively  established  a  storage  capacity  of  plus  or  minus 
15  minutes  of  flow.   Mr.  Rockwell  stated  that  this  did  not  disturb 
him  greatly  since  overpumping  by  the  lower  plant  would  only  result 
in  spilling  water  from  the  intermediate  storage  forebay  which  would 
not  be  catastrophic.   I  pointed  out  that  while  overpumping  was  not  a 
problem,  underp\implng  and  running  the  second  plant  dry  would  lead  to 
severe  damage  to  the  pumps.   I  cited  the  Instance  at  Tierfehd,  where 
only  30  seconds  of  the  operation  of  the  pump  without  sufficient  water 
supply  destroyed  the  shaft  sleeve  seals  and  necessitated  a  major 
repair  Job. 

In  general  discussion  there  appeared  to  be  some  confusion 
between  an  intermediate  storage  to  balance  out  inequalities  in  flow 
and  momentary  stoppages  of  piomps  with  the  matter  of  the  requirement 
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for  surge  tanks .  I  pointed  out  that  surge  tanks  at  the  end  of  the 
delivery  lines  would  be  required  In  any  case  In  order  to  establish 
a  point  of  atmospheric  pressure. 

Mr.  Skinner  stated  that  the  Bechtel  Corporation  had  made 
no  specific  recommendations  as  to  specific  speed  of  pumps.   I 
pointed  out  that  although  they  had  not  explicitly  made  such  a 
recommendation  they  had  Implicitly  done  so  by  recommending  single- 
stage  pumps  for  the  two -lift  concept.   This  would  result  In  a 
lower  specific  speed  In  the  order  of  l450 . 

The  matter  of  providing  spare  units  as  such  came  up 
again  for  discussion.   It  appears  very  difficult  to  explain  the 
situation  to  these  people.   The  7-1/2  percent  reserve  capacity 
which  we  have  built  In  throughout  the  system  may  not  be  adequate. 
It  may  finally  be  necessary,  as  a  matter  of  policy,  to  make  provision 
for  the  Installation  of  one  additional  unit. 

Vlanden  Plant 

This  Is  the  largest  pump  storage  plant  yet  constructed, 
containing  nine  horizontal  shaft  units.   Each  unit  consists  of  a 
Francis  turbine,  a  motor -generator ,  a  small  Pelton  wheel  for  start- 
ing the  pumps,  and  a  two -stage  double  suction  pump.   The  pumps 
operate  at  428  rpm  with  a  horsepower  of  92,800  delivering  803  cfs 
against  a  rated  head  of  879  feet.   The  pumps  are  started  with  the 
casing  unwatered  by  means  of  the  small  Pelton  wheel  and  brought  up 
to  synchronous  speed.   When  speed  and  synchronism  of  the  motor  has 
been  reached  a  sliding  jaw  coupling  Is  automatically  engaged.   The 
air  Is  then  released  from  the  pump  casing  which  Is  filled  with  water 
and  the  piunp  operates  against  the  closed  discharge  valve.   Immediately 
then  the  discharge  valve  Is  opened  and  normal  pumping  operation  begins 

Five  of  the  pumping  units  were  built  by  Escher-Wyss  and 
four  by  Volth.   The  Escher-Wyss  pumps  are  built  with  horizontal  split 
casing,  while  the  Volth  pumps  are  built  with  a  solid  casing  and 
dismantled  from  the  end.   Mr.  Kass,  the  Plant  Superintendent,  said 
that  he  greatly  preferred  the  horizontal  split  case  pump  from  the 
standpoint  of  maintenance. 

The  plant  was  first  put  in  operation  in  October  I962, 
and  the  last  unit  completed  and  put  In  operation  in  June  1964.   The 
longest  operating  experience  is  with  Pump  No.  2,  which  has  to  date 
6,200  hours.   There  has  been  some  cavitation  in  the  suction  impeller 
of  the  Voith  pumps;  none  in  the  other  pumps.   This  cavitation  has 
not  necessitated  extensive  repairs  or  shut  down  for  maintenance  work. 
A  piece  of  the  diffuser  vane  from  Pump  No.  1  was  carried  into  the 
penstock  and  later  on  the  generating  cycle  was  carried  into  the 
turbine,  damaging  the  runner.   The  unit  was  shut  down  at  the  time 
of  o\ir  visit  and  the  runner  was  being  repaired.   At  the  same  time 
Unit  No.  4  was  out  of  service  and  the  repairs  to  cavitation  in  the 
turbine  runner  were  being  made.   It  is  planned  in  the  future  to 
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replace  the  dlffusers  between  the  first  two  stages  on  all  the  pumps 
with  a  different  construction  to  preclude  future  occurrences  such 
as  happened  to  Unit  No.  1 

In  the  horizontal  shaft  pump  units  the  entire  weight 
of  the  rotating  assemblies  Is  carried  by  the  end  bearings.   The 
sealing  sleeves  between  stages  1  and  2  are  grease  lubricated  and 
act  as  guide  bearings  as  well.   The  first  stage  Impellers  are 
13-1  stainless  steel;  and  the  remaining  parts  are  carbon  steel. 
The  water  is  noncorroslve  and  contains  a  minimum  of  suspended 
matter.   The  wear  rings  are  bronze,  mating  with  stainless  steel  rings 
on  the  Impellers.   While  not  connected  to  the  pumps,  an  interesting 
feature  of  this  plant  is  the  expansion  Joint  at  the  turbine  spiral 
case  inlet.   This  expansion  joint,  a  device  patented  by  Escher-Wyss, 
provides  freedom  for  expansion  at  the  joint  but  at  the  same  time  is 
balanced  to  nulify  the  hydrostatic  pressure  across  the  joint.   This 
is  accomplished  by  external  balancing  chamber  surrounding  the  pipe 
to  which  the  head  water  pressure  is  admitted. 

Ffestiniog  Plant 

Being  unable  to  visit  the  Ffestiniog  Plant,  we  called 
on  Mr.  Headland  of  the  firm  of  Kennedy  and  Donkln,  Consulting 
Mechanical  Engineers,  who  designed  the  mechanical  features  of  this 
plant  for  the  owners,  the  Central  Electricity  Generating  Board. 
At  this  conference,  Mr.  Headland  was  questioned  extensively  as  to 
the  design  and  operation  of  the  pumping  units  in  this  plant. 

Mr.  Headland  stated  that  the  vertical  configuration  of 
the  units  was  selected  in  order  to  make  the  shortest  possible  length 
of  the  plant.   Selection  of  these  units  also  accommodated  the  tail 
water  conditions  required  for  both  the  pumps  and  the  turbines;  the 
turbines  requiring  considerably  less  submergence  than  the  pumps. 
T^Mn   stages  for  the  pumps  were  selected  in  order  to  secure  a  reason- 
able head  per  stage  of  approximately  500  feet.   The  double  suction 
was  adopted  both  in  order  to  give  a  proper  specific  speed  and  to 
eliminate  hydraulic  axial  thrust.   Bids  were  taken  for  units  with 
both  300  and  428  rpm  rotated  speed  with  the  adopted  speed  428  proving 
most  economical.   Reversible  pump-turbine  units  were  considered  at 
the  time  the  plant  was  designed;  however,  at  that  time  they  did  not 
consider  there  was  enough  experience  with  units  of  that  head,  (approxi- 
mately 1,000  feet).   There  is  no  problem  at  this  Installation  from 
either  corrosive  or  erosive  water. 

For  manufacturing  the  pump -turbine  generating  units  for 
this  plant,  three  joint  ventures  were  encouraged  by  the  owners. 
These  joint  ventures  consisted  of  an  English  firm  and  a  continental 
firm  experienced  in  the  manufacture  of  storage  pumps.   Bids  were 
invited  in  1957,  and  the  job  was  awarded  to  the  joint  venture  of 
English  Electric  Company  and  Sulzer  Bros.   Under  this  arrangement 
the  Impellers  and  dlffusers  were  manufactured  by  Sulzer  Bros,  and 
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the  remainder  of  the  pumps  being  manufactured  by  the  English  Eleatrlc 
Company.   A  minimum  efficiency  of  90.5  percent  was  specified,  which 
efficiency  has  been  achieved  or  exceeded  In  the  units  as  now  operating 
An  optional  Item  Included  In  the  bidding  schedule  was  the  performance 
of  prototype  tests  by  the  manufacturer  of  the  p\imps .   To  date  these 
tests  have  not  been  performed.   This  being  a  true  pump-storage 
project.  It  Is  possible  to  measiAre  the  overall  efficiency  of  the 
whole  project  by  the  electrical  energy  produced  and  consiimed.   On 
this  basis  It  has  been  estimated  that  the  pump  efficiency  exceeds 
that  specified.   Another  requirement  of  the  specifications  was 
performance  of  model  tests  by  the  pump  manufacturer  and  approval  by 
the  owner.   Mr.  Headland  stated  that  the  actual  efficiency  estimated 
as  noted  above  closely  corresponds  to  that  determined  from  the 
model  tests. 

In  this  Installation  the  pump  Is  connected  to  the  turbine 
and  generator  shaft  by  a  sliding  jaw  coupling.   In  pumping  operation 
this  coupling  Is  engaged  while  at  a  standstill  and  the  unit  brought 
up  to  speed  and  synchronized  by  the  turbine  with  the  pump  casing 
unwatered.   After  the  unit  Is  synchronized  and  electrically  the 
turbine  Is  shut  off,  the  turbine  casing  unwatered,  and  the  water 
admitted  to  the  pump  casing  and  the  discharge  valve  opened  enabling 
normal  pumping  to  continue.   Mr.  Headland  stated  that  the  time 
consumed  by  this  operation  was  of  little  Importance  and  he  did  not 
think  that.  If  the  plant  were  being  designed  again,  hydraulic 
couplings  would  be  used. 

The  first  pump  was  put  In  service  at  the  end  of  I96I, 
and  the  last  one  near  the  end  of  I962.   Since  that  time  the  operation 
has  been  satisfactory  and  only  routine  maintenance  has  been  required. 
Inspection  plates  have  been  removed  and  the  suction  Impellers 
Inspected  from  time  to  time.   There  has  been  slight  cavitation  of  the 
upper  Impellers.  While  it  was  originally  planned  to  operate  the  units 
approximately  1,500  hoxors  per  year,  it  has  actually  been  found 
advisable  to  operate  them  about  2,000  hours  per  year. 


Upon  being  asked  what  changes  he  would  make  If  he  were 
designing  the  plant  again,  Mr.  Headland  stated  that  probably  more 
care  would  be  used  in  the  design  of  the  Inlets  to  the  pumps,  includ- 
ing model  studies  of  the  hydraulic  passages.   He  did  state,  however, 
that  he  thought  It  would  not  be  necessary  to  have  a  strictly 
symmetrical  design  for  the  inlet  passages  and  the  bifurcation.   He 
also  stated  that  he  preferred  the  English  Electric  straight -through 
valves  used  on  the  discharge  lines  to  the  sphere  valves,  and  would 
continue  to  use  them. 

Conference  at  National  Engineering  Laboratory 


I 


On  April  15,  19^5 j  a  conference  was  held  in  the  conference 
room  of  the  National  Engineering  Laboratory,  East  Kilbride,  Scotland. 
Mr.  Skinner,  Chief  Engineer  and  General  Manager  of  the  Metropolitan 
Water  District,  presided.   The  National  Engineering  Laboratory  is 
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represented  by  Dr.  Sopwlth,  Dr.  Grundberg,  Head  of  the  Division  of 
Hydrodynamics,  and  Dr.  Spencer,  Assistant  Head  of  the  Division  of 
Hydrodynamics  and  the  person  Immediately  concerned  with  the  testing 
program,  now  under  way,  as  well  as  other  members  of  the  staff.   A 
complete  roster  of  attendance  Is  given  In  an  attachment  to  this 
memorandum.   In  addition,  the  Metropolitan  Water  District,  the 
Bechtel  Corporation,  the  Division  of  Water  Resources,  and  Daniel, 
Mann,  Johnson,  and  Mendenhall  were  represented. 

A  full  report  of  this  meeting  will  be  prepared  by  Daniel, 
Mann,  Johnson,  and  Mendenhall  and  submitted  separately;  the  essentials 
of  the  conference  pertinent  to  the  points  Immediately  under  considera- 
tion will  be  presented  herein.   The  semi -confidential  progress  report 
No.  3,  distributed  at  the  conference,  gave  the  results  of  testing  of 
seven  separate  pump  models  procured  from  manufacturers  In  both  the 
United  States  and  In  Europe.   During  subsequent  discussion  sufficient 
data  was  given  to  enable  us  to  Identify  the  designers  and  manufacturers 
of  the  various  models  designated  In  the  report  as  A  through  F,  with 
additional  report  at  the  meeting  on  a  seventh  model  which  had  only 
recently  been  tested  and  not  Included  on  the  report.   In  addition 
to  these  seven  models,  the  Bechtel  Corporation  planned  to  procure 
three  additional  models  for  testing  as  soon  as  the  4,000  hp  test 
apparatus  has  been  constructed.   Later  this  year,  the  Department  will 
make  available  to  Bechtel  Corporation  for  testing  at  this  laboratory 
the  three  pump  models  now  being  tested  under  the  DMJM  Contract. 

Professor  Hanz  Gerber  summed  up  the  purpose  of  the  test 
being  conducted  at  the  National  Engineering  Laboratory  In  the 
following  way: 

1.  To  compare  the  test  results  obtained  with  those 
previously  found  In  the  manufacturer's  own  laboratories  and 
thereby  In  effect  Indirectly  calibrate  the  manufacturer's 
laboratories . 

2.  To  determine  a  relationship  between  the  efficiency 
and  the  specific  speed. 

With  respect  to  the  first  objective.  It  has  been  generally 
found  that  the  results  obtained  In  this  series  of  tests  agreed  very 
closely  of  those  previously  obtained  by  the  manufacturers. 

With  respect,  to  the  second  objective,  the  number  of  tests 
conducted  was  too  small  to  give  conclusive  results.   Figure  6  of 
the  preliminary  report,  which  proported  to  show  such  a  relationship, 
was  during  the  conference  found  to  be  In  error  Inasmuch  as  the 
specific  speeds  of  the  multistage  pumps  tested  were  not  specific 
speeds  of  the  runners  and  hence  not  Indicative  of  this  relationship. 

Later  In  the  conference,  Mr.  Skinner  stated  that  the 
Interests  and  objectives  of  Metropolitan  Water  District,  with 
respect  to  Tehachapl  Lift,  might  be  stated  In  three  general 
categories  : 
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1.  Selection  of  the  pumping  system;  either  single  lift 
or  two  lift. 

2.  Providing  the  best  possible  and  most  comprehensive 
procurement  specifications  In  order  to  secure  satisfactory  pumping 
equipment . 

3.  Making  a  general  contribution  of  engineering  knowl- 
edge for  the  benefit  of  both  the  State  Water  Project  and  for 

sucn  future  pumping  Installations  as  the  Metropolitan  Water  District 
might  require  themselves. 

Following  this  part  of  the  discussion.  Dr.  Spencer 
produced  and  distributed  copies  of  curves  showing  the  relationship 
on  one  of  the  models  between  p-ump  performance  and  the  cavitation 
number  (sigma).   These  are  the  familiar  "slgma-break  curves". 
After  general  discussion,  it  was  concluded  that  this  was  an  in- 
accurate and  not  a  conservative  way  of  determining  the  required 
sigma  for  the  plant.   Actual  observation  of  the  inlet  side  of  the 
Impeller  through  a  transparent  window  under  stroboscoplc  light  is 
much  preferred.   In  this  connection  also,  members  of  the  NEL  staff 
pointed  out  the  importance  of  operating  with  de -aerated  water. 

Interspersed  between  two  sessions  of  the  foregoing 
conference,  an  inspection  trip  was.  made  through  the  laboratory 
facilities.   The  National  Engineering  Laboratory  is  certainly 
well  equipped  with  the  latest  and  highest  precision  equipment  and 
instrumentation.   This  fact,  coupled  with  the  competence  of  the 
supervisory  operating  personnel,  would  leave  little  doubt  as  to 
the  accuracy  of  results  obtained  here.   The  addition  of  the  4,000 
hp  dynamometer,  which  has  been  procured  and  the  foundation  for  which 
is  now  being  constructed  in  a  building  to  be  placed  between  the  two_ 
existing  wings  of  the  laboratory  building,  will  enable  testing  of 
the  largest  models  conducted  with  the  same  degree  of  precision. 

Conclusions 


1.  As  a  result  of  the  foregoing  inspections  and 
conferences,  it  is  concluded  that  there  is  no  question  that 
completely  adequate  and  reliable  pumps  can  be  designed  and 
manufactured  for  either  lift  scheme  selected  for  the  Tehachapi 
Crossing. 

2.  Multistage  pumps  will  be  required  for  either  of  the 
crossing  schemes  now  being  considered  by  the  Department. 

3.  To  design  and  manufacture  the  required  pumps  it  is 
essential  that  the  technical  abilities  and  manufacturing  techniques 
of  the  European  manufacturers  be  brought  to  bear  on  the  problem. 
This  may  be  accomplished  by  a  joint  venture  arrangement  similar  to 
that  employed  by  the  CEGB  for  the  Ffestiniog  units. 
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4.  Results  of  tests  now  being  conducted  for  the 
Bechtel  Corporation  at  the  National  Engineering  Laboratory  will 
have  no  significance  In  the  selection  of  the  piimplng  scheme  for 
the  Tehachapl  Lift. 

5.  The  National  Engineering  Laboratory  Is  a  well 
equipped,  competently  staffed.  Independent  hydraulic  machinery 
laboratory  which  can  be  utilized  to  advantage  by  the  Department 
for  any  tests  which  may  be  found  necessary  In  the  future. 
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E  OF  CALIFORNIA-RESOURCES  AGENCY  ^p^U^p   q    BROWN,  Governor 

>ARTMENT  OF  WATER  RESOURCES 

BOX  388 
AMENTO 


May  8,  1965 


Mr.  Alfred  R.  Golze' 

Chief  Engineer 

Department  of  Water  Resources 

P.  0.  Box  388 

Sacramento,  California 

Dear  Mr.  Golze' : 

The  Tehachapi  Crossing  Consulting  Board  was  convened 
in  Bakersfield,  California,  on  May  2,    1965^  and  proceeded  to  the 
Tehachapi  area  to  examine  on  the  ground  the  alternative  align- 
ments under  consideration  and  the  results  of  the  latest 
geological  studies  and  site  explorations  pertaining  thereto. 

Our  Board  reassembled  in  Sacramento  on  May  k,    and  had  the 
opportunity  to  confer  with  Dr.  Hugo  Benioff,  Chairman  of  the  Board 
for  Earthquake  Analysis,  and  to  hear  carefully  prepared  and  valu- 
able presentations  by  the  Metropolitan  Water  District  and  their 
consultants,  the  Bechtel  Corporation,  by  Daniel,  Mann,  Johnson 
and  Mendenhall,  your  consultants,  and  by  the  staff  of  your 
Department . 

These  presentations  covered  many  fields  of  investigation 
and  preliminary  planning,  some  research  and  development,  and  de- 
tailed studies  of  system  reliability  and  costs  of  the  alternative 
alignments  and  their  various  features.   Over  the  past  several 
years  much  of  this  material  had  been  considered  by  our  Board  ox\ 
previous  occasions  but  it  has  all  been  reviewed  and  considered 
by  us  in  the  light  of  more  recently  developed  material,  alternative 
plans  and  the  well  considered  professional  opinions  of  able 
engineers . 

The  planning  of  the  Tehachapi  Crossing  has  reached  such 
a  degree  of  refinement,  through  eliminating  the  unsuitable  while 
retaining  the  feasible  elements,  that  a  choice  among  the  schemes 
and  major  features  of  the  remaining  Ridge  alternatives  becomes  a 
matter  where  judgment  plays  a  major  role  in  arriving  at  a  final 
engineering  preference.   We  are  fully  aware  that  the  margin  of 
preference  is,  in  some  areas,  a  narrow  one,  and  our  remarks,  as 
given  below,  are  presented  after  weighing  carefully  all  elements  of 
the  problem. 
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Question  1:   "Does  the  Board  concur  in  the  recommendations  of 
the  Department  of  Water  Resources'  'Report  on 
Alternative  Locations  of  Tehachapi  Lift  System', 
April  19b;:)?" 

Answer:      No  further  consideration  of  the  Pastoria  Canyon 
routes  is  warranted.   It  is  believed  that  detailed  reasons  for 
this  position  are  not  required  since  the  recent  site  explorations 
adequately  support  this  conclusion. 

We  recommend  that  future  design  be  devoted  to  the  Ridge 
single-lift  scheme  with  underground  discharge  pipes.  Our  reasons 
for  this  recommendation  are  given  in  the  following  discussion: 

I.   SITE  CONDITIONS 

a.   Geology 

In  general,  the  overall  site  geology  in  the  Ridge  area 
is  favorable  and  reasonably  good  rock  is  found  at  relatively 
shallow  depths.   Geologic  conditions  are  quite  similar  for  the 
two-lift  and  single-lift  Ridge  schemes. 

The  effect  of  geology  is  largely  a  function  of  the 
number  of  structures,  surficial  or  underground  features,  and  the 
actual  specific  location  of  structures,  particularly  on  the 
surface. 

Considering  the  foregoing,  it  is  obvious  that  the  two- 
lift  scheme  has  over  twice  the  number  of  exposed  surficial 
structures,  including  the  small,  off-line  reservoir,  and  an 
additional  section  of  tunnel.   While  the  dam  poses  no  m.aterial 
problem  in  foundation  and  spillway  location,  its  chief  hazard  to 
the  scheme  involves  slope  wash,  debris  and  small  slides  into  the 
reservoir  that  will  slowly  reduce  capacity  and  occasionally 
provide  a  suspended  solids  problem  that  would  increase  wear  on 
pumps . 


scheme, 


Hence,  the  geology  is  more  favorable  to  the  single-lift 


Seismic ity 


Both  schemes  have  the  same  exposure  to  shaking  and 
fault  rupture.   The  probability  of  actual  displacement  is  very 
low,  but  the  area  may  be  severely  shaken  several  times  during 
the  life  of  the  project. 
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Here  again  the  location  of  the  structures  and  the 
number  of  structures  are  important.   The  two-lift  scheme,  having 
over  twice  the  number  of  structures,  offers  over  twice  the  chance 
for  seismic  damage. 

The  possibility  of  damage  to  the  small  off-line 
reservoir  due  to  shaking,  overtopping  waves  from  seismically 
triggered  landslides,  or  partially  filling  the  reservoir  with 
slide  debris,  is  ever  present  even  during  light  shocks  which 
are  more  numerous  than  major  shocks. 

The  one-lift  Ridge  alignment,  with  underground  dis- 
charge lines,  has  only  the  one  pumping  plant  located  on  the  sur- 
face and  most  of  the  conveyance  system  is  underground  where,  in 
the  best  rock  of  the  area,  the  effects  of  shaking  will  be 
minimized. 

Hence,  with  regards  to  seismic  hazard,  the  single-lift 
Ridge  scheme  vjith  underground  discharge  lines  has  a  marked 
superiority. 

II.  DISCHARGE  LINES 

Explorations  have  indicated  that  the  discharge  lines 
can  be  located  in  tunnels  in  hard  and  strong  gneissic  diorite 
rock.   Considering  seismic  effects  and  reliability  in  operation 
and  maintenance,  discharge  lines  in  tunnels  are  preferred  for 
safety  and  dependability  over  surface  installations  vfhich,  in 
some  locations  would  be  in  weathered  or  sheared  material  on 
steep  slopes.   We  note  that  the  Consulting  Board  for  Earthquake 
Analysis  in  its  report  dated  April  8,  1965:,  concurs  in  this 
preference  for  locating  discharge  lines  in  hard  rock  tunnels. 

The  Board  believes  that  for  the  single-lift  scheme 
discharge  lines  can  be  so  arranged  and  designed  that  a  dependalple 
job  can  be  obtained  with  high  quality  steels  available  for  such 
construction. 

III.  MECHANICAL  FEATURES 

a.   Pumps 

It  is  our  belief  that  the  pump  industry  can  design  and 
build  pumps  for  the  single  or  double-lift  schemes  that  will  be 
efficient  and  reliable,  and  will  give  satisfactory  service  for 
many  years.   This  conclusion  has  been  reached  after  very  serious 
consideration  by  our  Board.   Although  we  are  aware  of  some  views 
which  diverge  from  this  conclusion,  we  believe  that  the  prepon- 
derance of  technical  opinion,  as  expressed  by  those  who  have 
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appeared  before  us  and  by  other  experts  and  pump  designers  who 
were  contacted  In  Europe,  supports  our  conclusion. 

Many  details  of  pump  design  have  been  presented  in 
support  of  some  of  the  divergent  views  but  we  feel  that  the 
apparent  problems  discussed  can  be  solved  effectively  by  design 
and  verified  by  prototype  testing. 

Supplementing  the  preceding  general  views  the  following 
more  specific  comments  are  noted.   In  its  April  1965  report, 
the  pump  model  research  contractor  DMJM  stated: 

"Regardless  of  the  pump  type  finally  selected,  be  it  a 
single-stage,  two-stage  or  four-stage  pump,  there  is  no 
doubt  whatever  that  the  pump  industry  will  be  able  to 
design  and  build  pumps  for  Tehachapi  that  will  be 
reliable  and  will  give  satisfactory  service  over  the 
next  50  years. " 

The  following  statement  is  included  in  the  May  I965 
report  of  Professor  Hans  Gerber,  Consultant  to  the  Bechtel 
Corporation: 

"We  think  that  the  choice  of  a  single-lift,  a  two-lift 
or  a  three-lift  solution  is  first  of  all  a  topographical, 
geological  and  seismic  problem.   It  should  clearly  be 
stated  that,  independent  of  costs,  it  v/ould  be  possible 
for  all  three  lift  solutions  to  have  reliable  and  rugged 
pumps  built,  and  for  all  these  pumps  long  years  of  ex- 
perience of  different  kinds  are  available," 

The  following  statement  is  included  in  the  April 
1965  report  of  Professor  L.  C.  Neale  to  the  Bechtel  Corporation: 

"The  present  (pump  model)  program  has  shovijn  a  good 
correlation  with  the  manufacturers'  laboratories.   Results 
at  best  efficiency  point  are  within  1/2  percent." 

During  the  past  month  one  of  our  board  members  met 
with  the  pump  designers  in  Europe  from  the  Escher-Wyss  Company 
and  Sulzer  Brothers  in  Switzerland  and  the  J.  M.  Voith  Company 
in  Germany,   Each  of  these  companies  stated  that  they  would  be 
willing  to  bid  on  a  high  performance  prototype  pump  for  any  of  the 
Tehachapi  lift  concepts. 


The  efficiencies  predicted  for  the  model  test  pvmips 
have  been  realized  and  there  is  also  assurance  that  the  expected 
prototype  performance  can  be  attained  for  each  of  the  pump  types 
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The  probability  that  a  suitable  single-stage  pump  for 
a  1,000-foot  lift  may  be  developed  in  the  next  few  years  for  the 
two-lift  system  is  acknowledged. 

b.   Control  Equipment 

Each  pumping  unit  for  either  one  of  the  schemes 
considered  will  have  essentially  the  same  control  equipment  for 
the  pump  itself  and  for  the  discharge  and  inlet  valves.   If  the 
Ridge  tvjo-lift  scheme  is  used,  special  monitoring  of  Plant  No.  1 
will  be  required  to  prevent  overflow  of  the  relatively  small  off- 
line reservoir  at  Plant  No.  2.   Similar  special  monitoring  will 
be  required  at  Plant  No.  2  to  guard  against  low  water  on  the 
suction  side  of  the  pumps. 

In  regard  to  the  Ridge  single- lift  scheme,  this  type 
of  special  monitoring  would  not  be  needed.   The  Inherent 
advantage  of  the  single- lift  control  system,  however,  would  be 
in  the  smaller  number  of  pump  controls  required  and  the  central- 
ized location  thereof. 

IV.   ELECTRICAL  FEATURES 

a.  Motors 

The  problems  encountered  in  selection  of  motors  for 
the  pumps  are  essentially  the  same  for  any  of  the  schemes, 
differing  only  in  degree.   The  principal  problem  which  departs 
to  any  extent  from  previous  practice  is  that  of  motor  starting. 
The  simplest  and  most  direct  method  is  that  of  applying  full 
voltage  to  the  motor  terminals.   This  will  require  further 
investigation  of  the  capabilities  of  motor  manufacturers  and 
of  the  available  power  supply  to  determine  feasibility.   In  any 
event  several  alternative  plans  for  starting  are  available,  fol- 
lowing the  guide  lines  of  previously  built  installations.   Other 
than  starting,  the  motor  problems  are  conventional  and  should 
pose  no  unusual  difficulties. 

b.  Power  Supply 

The  power  supply  for  the  upper  pump  station  of  a  Ridge 
two- lift  scheme  requires  the  construction  of  a  large  substation 
on  an  expensive  and  restricted  site  on  the  ridge,  and  trans- 
mission lines  thereto.   The  Ridge  single- lift  scheme  does  not 
require  these  features  and  from  such  viewpoint  is  to  be  preferred. 
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c ,   Control  Equipment 

The  Ridge  two-lift  scheme,  because  it  requires  two 
plants,  involves  a  considerably  greater  amount  of  control  equip- 
ment and  number  of  control  circuits  than  the  Ridge  single-lift 
scheme,  although  not  twice  as  much.   The  problem  of  initiating 
series  operation  of  the  two  plants  under  the  Ridge  tv;o-lift 
scheme  and  of  protecting  against  any  possible  malfunction  is 
magnified.   For  these  reasons  the  Ridge  single-lift  scheme  is 
preferred . 

V.  COSTS 

In  considering  the  estimated  costs  of  the  Ridge  schemes 
proposed  by  the  Department,  and  those  outlined  by  Metropolitan's 
engineers  in  their  May  5,  1965  presentation,  it  has  been  noted 
that  the  several  alternatives  have  closely  comparable  capital 
costs.   The  greatest  cost  variation  between  schemes  amounted  to 
about  12  percent.   It  is  doubtful  if  any  cost  estimate  at  this 
stage  of  the  planning  could  be  more  accurate  than  this  differ- 
ential and,  accordingly,  it  is  concluded  that  for  practical 
purposes,  all  of  the  schemes  presented  have  about  the  same 
capital  cost. 

Similarly,  the  estimated  annual  operating  costs  for  the 
several  alternative  schemes  have  been  found  to  be  virtually 
identical,  the  maxim.um  differential  being  less  than  4  percent. 

Accordingly,  the  Board  concludes  that  estimated  costs 
of  construction  and  operation  have  been  shown  to  have  minimum 
influence  on  the  choice  of  scheme. 

VI .  DEPENDABILITY 

In  all  of  the  presentations  and  reviews,  emphasis  has 
been  placed  on  the  need  to  select  a  lift  scheme  which  will  offer 
maximum  dependability  and  reliability.   The  Board  fully  concurs 
with  this  objective  and,  in  summary,  has  evaluated  the  several 
basic  elements  of  the  Ridge  single-lift  scheme  in  this  reference 
as  follows : 

a .   Surface  Pumping  Plant 

Least  subject  to  uncertainties  of  construction  or  of 
access  for  major  repairs. 
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b .  Four-stage  Single-lift  Pumps 

No  more  complicated  than  two-stage,  double-flow 
pumps  and  fully  as  capable  of  being  ruggedly  constructed  and 
reliably  operated. 

c .  Single-lift  Discharge  Lines 

Can  be  as  reliably  designed  and  constructed  to  give 
safe  service  as  any  other  system  by  utilizing  high  quality  steels 
and  conservatively  sizing  the  manifolds  and  branches. 

d .  Controls  for  Single-lift 

Least  extensive  and  least  complicated  and  therefore 
most  reliable. 

e .  Power  for  Single-lift 

Transmission,  transformer  and  switchyard  facilities 
serve  a  single  location  and  therefore  are  least  exposed  to  out- 
ages . 

f .  Water  Storage  for  Single-lift 

Requires  only  a  single  forebay  and  therefore  at  least 
halves  the  problems  and  hazards  of  reservoir  operation. 

g.  Personnel  for  Single-lift 

Requires  minimiim  use  of  personnel  for  surveillance^ 
and  operation,  thus  minimizing  opportunity  for  human  errors  m 
operation. 

h.   System  Operation  for  Single-lift 

Provides  maximum  simplicity  of  layout,  and  offers^ 
least  opportunity  for  misoperation.   This  is  judged  to  be  of 
special  importance  in  relation  to  coordination  with  the  opera- 
tion of  the  several  upstream  pumping  stations  and  the  several 
downstream  pump  and  generating  plants,  all  of  which  operate  in 
series  with  the  Tehachapi  lift. 

Question  2:   "Does  the  Board  have  any  additional  comments  to 
make  after  giving  due  consideration  to  the  v;ork 
"of  Bechtel  Corporation  and  the  recommendations  of 
Metropolitan  VJater  District's  Report  'Tehachapi 
Pump  Lift'.  May  b,  19byi" 

Answer:      We  have  given  close  attention  to  the  work  of  the 
Bechtel  Corporation  and  the  Metropolitan  Water  District  Report 
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"Tehachapi  Pump  Lift",  May  5.  1965,  and  wish  to  commend  those 
organizations  for  the  extensive  Investigations  and  valuable 
Information  they  have  contributed  to  our  overall  study  of  the 
Tehachapi  lift.   All  of  their  contributions  have  been  carefully 
considered  In  the  formulation  of  the  judgments  expressed  in  the 
foregoing  paragraphs. 

In  conclusion,  it  is  the  sense  of  the  Board's 
collective  judgment  that  the  Department  can  now  undertake  with 
confidence  the  final  design  of  a  single-lift  scheme  along  the 
Ridge  alignment . 
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May  8,  1965 


Very  truly  yours. 


s/  John  R.  Hardin 


John  R,  Hardin,  Chairman 


s/  Russell  G.  Hornberger 
Russell  G.  hornberger 


s/  T.  M.  Lep; 


Thomas  M.  Leps 


s/  E.  C.  Marliave 


E,   C.  Marliave 


s/  John  Parmaklan 


John  FarmaKlan 


(Absent) 


Louis  G.  Puis 


s/  Robert   Sailer 

Robert   Sailer 
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toco 


TUNNELING    ZONE   I 
Rock    Condition 

Load 
Foctor 

4.   '4.    '-I 

¥      ♦ 

Percent 
of  Zone 

Massive,  moderately  jointed; 
light    support  and/or   rock 
bolts 

0  to 
025  B 

45% 

Hard,  schistose.  Light 
support  and /or   rock  bolts 
required. 

0  to 
0.5  B 

45% 

Moderotely  blocky  and  seamy. 
Support   required.   No 
lateral    pressures. 

0.35 
(B  +  Ht) 

10% 

TUNNELING    ZONE  H 
Rock     Condition 

Load 
Factor 

Percent 
of  Zone 

Moderately    blocky    and 
seamy. 

0.35 
(8  +  Ht) 

45% 

Very    blocky,    seamy. 

0.725 
(B-t-Ht) 

45% 

Completely    crushed. 

I.I 
(B+Hf) 

10% 

TUNNELING    ZONE  HI 

■■■^H 

Rock     Condition 

Load 
Factor 

Percent 
of   Zone 

Completely     crushed. 
Heavy  support    required. 

I.I 
(B+Ht) 

50% 

Very    blocky  ,  seamy 

0.725 
(B+Ht) 

50% 
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PROFILE 

HORIZONTAL    SCALE     OF     fCET 
0 gPOO 4 


TUNNELING    ZONE   I 
Hock    Condition 

r-T — 
+    » 

Lood 
Foetor 

r-T— ; 

♦   ♦ 

Percent 
of  Zone 

MosBive,  moderately  jointtdi 
ligttt   support  ond/or  rock 
bolts 

0  to 
025  B 

45% 

Hord,  schiiiose.  Ligtit 
support   and /or    rock   bolts 
required  . 

0  to 
05  8 

45% 

Moderotely   blocky  and  seomy 
Support    required.    No 
lateral     pressures. 

0,35 
(B+HIl 

10% 

TUNNELING     ZONE  H 
Rock     Condition 

Load 
Factor 

Percent 
of  Zone 

Moderately    blocky    and 
seamy 

0.35 
(BtHt) 

45% 

Very    blocky,    seomy. 

0.725 
(Bt-Ht) 

45% 

Completely    crushed. 

I.I 

10% 

TUNNELING    ZONE  HI 

HHlHi 

Rock     Condition 

Lood 
Factor 

Percent 
of    Zone 

Completely    crushed. 
Heovy   support    required. 

I.I 
(B+HI) 

50% 

Very    blocky  ,  seomy 

0.725 
(B+HI) 

50% 
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RELATIVE   TUNNELING   CONDITIONS 

PLAN  a  PROFILE 


jf 


PLATE  30 


IMPERVIOUS      BORROW    AREA 

I-l  SlopewQsh    and    terrace 

1-2  Slopewash    and    landslide    debris 

1-3  Residual    soil    and    decomposed   rock 

1-4  Residual    soil    and     decomposed   rock 

1-5  Slopewash    and   terrace 

1-6  Slopewash    and    landslide    debris 

1-7  Residual   soil    and    decomposed    rock 

PERVIOUS  BORROW  AREA 
P-l     Alluvium    and     slopewash 

ROCKFILL    QUARRY     AREA 

R-l     Gneissic    quartz    diorite 

note:    Exploration    and   test    results 
are    incomplete. 
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IMPERVIOUS     BORROW    AREA 

I-l     Slopewosh    and    terrace 

1-2    SlopewQsh    and    landslide    debris 

1-3    Residual    soil    ond    decomposed   rock 

1-4    Residual    soil    ond     decomposed   rock 

1-5    Slopewosh    ond    terrace 

T-6    SI  ope  was  ti    and    landslide    debris 

1-7    Residual   soil    and    decomposed    rocK 

PERVIOUS     BORROW    AREA 
P-l     Alluvium    and     slopewosti 

RQCKFILL    QUARRY     AREA 

R-l     Gneissic    quartz    diorite 

NOTE!   Exploration    and   test    results 
are     incomplete. 
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LOCATION    OF    POTENTIAL    BORROW 
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